Incorrect Attorney of Record. Mailing Address, and Docket Number 

The first pages of PTO communications continue to contain the name and 

address of an attorney no longer of record in this application and the former attorney's 

docket number. As the Assignee of this application requested in the Revocation of 

Original Power of Attorney and Grant of New Power of Attorney filed on December 5, 

1 995, and as Applicant again requested in the Amendment of March 11,1 998, 

Applicant again respectfully requests that the PTO update its records so that all future 

communications regarding this application are mailed to: 

Kenneth J. Meyers, Esq. 
Finnegan, Henderson, Farabow, 

Garrett & Dunner, L.L.P. 
1300 I Street N.W. 
Washington, D.C. 20005-3315, 

Applicant also requests that the PTO use the proper attorney docket number 

(04270.0015) for this application in ail future communications. 

If the Examiner is having difficulty in having PTO personnel update the PTO's 

records and believes that a separate paper from Applicant might expedite this process, 

Applicant respectfully requests that he contact the undersigned. 



Finnegan, Henderson, 
Farabow, Garrett, 
a Dunner, L. L. p. 

I300 I STREET, N. W. 



Unconsidered Supplemental Amendment and Declaration 

Applicant filed a Supplemental Amendment and a Declaration of Howard M. 
Goodman, Ph.D. under 37 C.F.R. § 1.132 on June 24, 1998. The PTO mailed Paper 
No. 16 on June 8, 1998 — before Applicant filed the Supplemental Amendment and 
Declaration. However, as a result of the PTO's mailing of Paper No. 16 to an attorney 



no longer of record, Applicant did not receive Paper No. 16 until June 29, 1998— after 
Applicant filed the Supplemental Amendment and Declaration. Again, Applicant 
respectfully requests that the Examiner ensure that the PTO updates its records so that 
all future communications concerning this application are sent to the current attorney of 
record. 

Since Applicant filed the Supplemental Amendment and Declaration after the 
PTO mailed an Office Action, the Examiner has not considered these papers. Rather 
than repeat their arguments in this paper, Applicant files herewith a copy of these 
papers, as well as a date-stamped postcard evidencing receipt of those papers by the 
PTO on June 24, 1998. See M.P.E.P. § 503, p. 500-11, col. 2. Applicant respectfully 
requests that the Examiner consider the unconsidered Supplemental Amendment and 
Declaration regarding the pending new matter objection and the written description and 
enablement rejections. Applicant further responds to these pending rejections below. 
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The Claimed Invention 

Before addressing Paper No. 16, Applicant first summarizes the claimed 
invention to expedite allowance of the pending claims. Applicant's claims are directed 
to a method of transferring a gene into an animal, and they all recite (or depend from 
claims that recite) that "the DNA sequence comprises no DNA of retroviral origin." 

In addition, in one embodiment, Applicant's claims recite that the gene is 
transferred "without using a viral vector." (See claim 72). In another embodiment, 
Applicant's claims recite that the gene is transferred "without using a retroviral vector." 



(See claim 87). Additionally, Applicant's claims recite that the gene is transferred either 
"without using viral infection" (see claim 102) or "without using retroviral infection" (see 
claim 103). The specification supports these recitations, as shown by Dr. Goodman's 
Declaration. 



Plasmids pXGHS and pHINTS 

Before addressing the individual rejections In Paper No. 16, Applicant addresses 
the Examiner's erroneous assertions regarding the identity of plasmid pXGH5, which 
Applicant used in the Examples of the present application (page 40), and plasmid 
pHINTS, which Applicant also used in the Examples of the present application (page 
56). 

Applicant's invention involves the introduction of DNA into cells. The 
specification describes the use of plasmid pXGH5 and plasmid pHINTS for this 
purpose. Applicant does not use DNA of retroviral origin. In additional, a viral vector is 
not used in one embodiment (see claim 72), and a retroviral vector is not used in 
another embodiment (see claim 87). The Examiner repeatedly asserts that plasmid 
pXGH5 contains viral DNA. According to the Examiner, Applicant's use of this plasmid 
in the Examples prevents the application from supporting the recitation of "without using 
a viral vector to introduce the DNA into the cells, wherein the DNA sequence comprises 
no DNA of retroviral origin" (claim 72) and "without using a retroviral vector to introduce 
the DNA into the cells, wherein the DNA sequence comprises no DNA of retroviral 
origin" (claim 87) 

FiNNECAN, Henderson, 
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Preliminarily, Applicant notes that the Examiner has asserted that claim 
recitations regarding retroviral DNA and a retroviral vector are not supported by the 
specification because plasmid pXGH5 is derived from the M13 virus. First, the Ml 3 
virus is a single-stranded DNA bacteriophage, not a retrovirus. (New England Biolabs: 
1998/99 Catalog at page 224; copy attached). Accordingly, the Examiner's assertion 
has no relevance to Applicant's recitation of "without a retroviral vector" and "with no 
DNA of retroviral origin." 

Furthermore, although the Examiner is correct that plasmid pXGH5 is derived 
from plasmid pUC12, plasmid pUC12 does not contain M13 viral DNA. The attached 
Blast printout shows the origin of the DNA used to form pUC12, which Applicant used to 
form plasmid pXGH5. It shows on page 1 that residues 1-441 originated from plasmid 
M13mp10, with residues 1-229 and 283-441 consisting of the /ac-operon and residues 
230-280 consisting of the polylinker of plasmid M13mp10. It also shows that pUC12 
contained no other DNA from plasmid M13mp10. 

In other words, investigators took the cloned E. coli /ac-operon, inserted a 
polylinker into it, and inserted the resulting operon into part of the genome of the Ml 3 
virus, forming an M13mp-series plasmid. Investigators then took this insert out of 
plasmid M13mp10 and inserted it into plasmid pBR322, forming plasmid pUC12. 

The mere presence, at one time, of the E. coli /ac-operon and the polylinker in 
plasmid M13mp10 does not make them viral sequences, and it does not make plasmid 
pXGH5 a viral vector. For example, if the human growth hormone gene were inserted 
into plasmid pM13mp10, it would not make the human growth hormone gene a viral 
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sequence. Similarly, the /ac-operon and polylinker in plasmids pUC12 and pXGH5 are 
not viral sequences, and plasmids containing these inserts are not viral vectors. 

The attached pages^ from Cloning Vectors: A Laboratory Manual {PouweWs at el. 
1986) show that plasmids M13mp18 and M13mp19 have properties similar to plasmid 
M13mp10. (Page 1, last paragraph). Plasmids M13mp18 and M13mp19 contain the 
lac operon of E. coll. (Page 1 , second paragraph). Thus, the lac operon in plasmid 
M13mp10 originates from E. coli, not a virus, and it does not contain viral DNA. 

The Examiner also asserted that plasmid pHINT5 contains viral DNA because it 
is derived from pUC18. (Paper No. 16 at 7). This assertion is also incorrect. As 
Current Protocols shows, pUC18 is also derived from a M13mp-series plasmid 
(M13mp18). {Current Protocols in Molecular Biology (1987) at page 2^). Since 
M13mp18 differs from M13mp10 solely by its inserted polylinker, it does not contain any 
viral DNA, and it is not a viral vector, for the reasons Applicant discussed above. 

In summary, the basis for the Examiner's assertion that the specification does 
not support claims relating to the use of a vector other than a viral or retroviral vector is 
in error. The plasmids Applicant used were not viral or retroviral vectors, and they did 
not contain any DNA of retroviral origin. 



^ Applicant has added page numbers to the text of this manual to make it 
easier to reference specific pages. 

orr.cEs ^ Appllcant has added page numbers to the text of this volume to make it 
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New matter objection to new claims 72-101 
and written description rejection of claims 
72-101 under 35 U.S.C. $112. first paragraph 

The Examiner objected to the Amendment of March 1 1 , 1998, as allegedly 
introducing new matter into the disclosure in the form of new claims 72-101 (Paper No. 
16 at 2) and rejected claims 72-101 as not being supported by an adequate written 
description. (Paper No. 16 at 3). Specifically, the Examiner contends that the 
recitations "without a viral vector," "without a retroviral vector," and "with no DNA of 
retroviral origin" are not supported by an adequate written description and constitute 
new matter. Applicant respectfully traverses the objection and rejection. 

As Applicant has previously discussed, the written description requirement is 
directed to a "person skilled in the art." 35 U.S.C. § 1 12, first paragraph. Accordingly, 
the disclosure as filed must only convey to one skilled in the art that Applicant invented 
the claimed subject matter. Vas-Cath, Inc. v. Mahurkar, 19 U.S.P.Q.2d 1111,1117 
(Fed. Cir. 1991). In the Amendment of March 11, 1998, Applicant showed how the 
specification provides an adequate written description for the recitation of "without a 
viral vector," "without a retroviral vector," and "comprises no DNA of retroviral origin". 
Nonetheless, the Examiner made a new matter objection and written description 
rejection. Applicant respectfully submits that the unconsidered Supplemental 
Response of June 24, 1998, and the unconsidered Declaration of Howard M. 
Goodman, Ph.D. fully respond to the objection and rejection. 
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Specifically, Dr. Goodman was asked to study the application and indicate if one 
skilled in the art would have known in 1987 that Applicant invented the claimed subject 
matter. As one skilled in the art, Dr. Goodman commented: 

20. In light of the belief of those skilled in the art 
that methods using retroviral vectors were the best methods 
for ex wVo gene therapy, and their belief that the known 
problems with retroviral vectors could be overcome, one 
skilled in the art who read the Selden application in 1987 
would have recognized that Dr. Selden invented a 
composition and a method for transferring a gene into an 
animal that did not use a retroviral vector or DNA of retroviral 
origin. 

21 . My conclusion that Dr. Selden invented a 
composition and a method for transferring a gene into an 
animal that did not use a retroviral vector or DNA of retroviral 
origin would have been further evident from the Selden 
application's discussion of particular promoters at 

pages 18-19. One reason many in the field focused upon 
retroviral vectors was because their own regulatory elements 
could be used easily. (Ex. 2 at 406, col. 1). The Selden 
application does not discuss a single retroviral promoter. 
Rather, the Selden application discusses endogenous 
promoters from mammals, fruit flies, and yeast. This is 
striking because retroviral promoters were widely used by 
those skilled in the art. The absence of any discussion of 
retroviral promoters, combined with the discussion of the 
disadvantages and dangers of retroviral vectors and DNA of 
retroviral origin, would have conveyed to one skilled in the 
art that Dr. Selden invented a composition and a method of 
transferring a gene into an animal that does not involve a 
retroviral vector or DNA of retroviral origin. 

22. In addition to discussing problems with using 
retroviral vectors, in particular, for ex vivo gene therapy, the 
Selden application also discusses problems with using viral 
vectors, in general, for ex vivo gene therapy: 

At present, however, no single technique 
appears to be wholly satisfactory. The use of 
viral vectors suffers from their potential for 
rearrangement of endogenous genes, as well 
as their potential for inducing carcinogenesis. 
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(Ex. 4 at 6, lines 27-31). [Ex. 4 is a copy of the 
Selden application accompanying Dr. Goodman's 
Declaration]. 

23. Given the Selden application's discussion of 
the disadvantages and dangers of viral vector gene delivery 
systems, especially retroviral vector gene delivery systems, 
and DNA of retroviral origin, the specification then goes on 
to describe a solution to these problems, which does not 
involve the use of viral vectors, retroviral vectors, or DNA of 
retroviral origin. Specifically, the Selden application 
describes transfecting somatic cells without a viral vector, 
without a retroviral vector, and with no DNA of retroviral 
origin; screening the transfected somatic cells; cloning and 
expanding a selected somatic cell; and administering the 
resulting cloned and expanded cells to the recipient subject. 
( See , e.g.. ex. 4 at 12, line 22, through 13, line 6). By not 
using a viral vector, by not using a retroviral vector, by not 
using DNA of retroviral origin, by selecting the transfected 
cells, and by cloning and expanding the selected cells, the 
Selden application avoids these disadvantages and dangers 
of viral vectors, retroviral vectors, and DNA of retroviral 
origin. 

24. The nonviral aspects of Dr. Selden's invention 
are further evident from the experiments reported in the 
Selden application. At a time when workers in [the] field of 
ex vivo gene transfer and gene therapy research had 
rejected nonviral methods as inherently too inefficient to be 
useful, and at a time when these workers had turned to the 
well characterized and easily manipulatable retroviral 
vectors, none of the experiments the Selden application 
reports in its 21 -pages of examples uses a viral vector, none 
of the experiments uses a retroviral vector, and none of the 
experiments uses DNA of retroviral origin. 
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(Goodman Declaration at 20-24). 

Based upon his experience and knowledge as one skilled in the art, and upon his 
study of the Selden application. Dr. Goodman concluded that the Selden application 
would have conveyed to one skilled in the art that Applicant invented the claimed 
subject matter: 

- 13- 
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25. For all these reasons, it is my opinion the 
Selden application would have conveyed to one skilled 
in the art that Dr. Selden invented a composition and a 
method of transferring a gene into an animal for ex vivo 
gene therapy that did not require the use of a viral 
vector, a retroviral vector, or DNA of retroviral origin. 

(Id. at 11 24; emphasis added ). 

This is all the written description requirement of § 112, first paragraph, requires: 

A disclosure that conveys to one skilled in the art that Applicant invented the claimed 

subject matter. Vas-Cath, 19 U.S.P.Q.2d at 1 1 17. In other words, the disclosure need 

only indicate to one skilled in the art that Applicant had possession of the claimed 

subject matter. Ralston-Purina Co. v. Far-Mar Co., Inc., 227 U.S.P.Q. 177, 179 (Fed. 

Cir. 1985). Dr. Goodman's Declaration is further proof that the specification would have 

ndicated to one skilled in the art that Applicant had possession of a method of 

transferring a gene that does not involve DNA of retroviral origin and that does not use 

a viral vector in one embodiment (see claim 72) and that does not use a retroviral 

vector in another embodiment (see claim 87). 

As Applicant discussed above, the Examiner did not consider Dr. Goodman's 

Declaration when the Examiner made this objection and rejection in Paper No. 16. 

Applicant respectfully submits that Dr. Goodman's Declaration is sufficient proof that 

the application satisfies the written description requirement and that claims 72-101 do 

not contain new matter, and Applicant requests that the objection to the specification 

and rejection of the claims be withdrawn. Since the Examiner has made additional 

factual assertions regarding this matter, however. Applicant addresses them. 
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For the first time, the Examiner based the new matter objection and written 
description rejections on the erroneous assertion that plasmids pXGH5 and pHINT5 are 
viral vectors. As Applicant discussed above, the Examiner's assertion is not true. 
Plasmids pXGH5 and pHINT5 do not contain any DNA from the M13 virus, and they are 
not viral vectors. 

Applicant has presented evidence that the recitations of "without using a viral 
vector", "without using a retroviral vector", "without using viral infection", "without using 
retroviral infection", and "with no DNA of retroviral origin" do not constitute new matter 
and are supported by an adequate written description because the specification would 
have conveyed to one skilled in the art that Applicant had possession of the claimed 
invention. The Examiner has objected to and rejected the claims solely on the 
erroneous assertion that the specification uses a viral vector. Accordingly, Applicant 
respectfully requests withdrawal of the new matter objection and the written description 
rejection. 



Enablement rejection of claims 

72-101 under 35 U.S.C. § 112. first paragraph 



The Examiner rejected claims 72-101 under 35 U.S.C. § 112, first paragraph, as 
allegedly not teaching how to make or use the claimed invention. Specifically, the 
Examiner again asserts that the application does not teach how to make or use the 
claimed method "without a viral vector", "without a retroviral vector," or "with no DNA of 
retroviral origin." (Paper No. 16 at 4). Applicant respectfully traverses this rejection. 

As Applicant showed in the Amendment of March 11, 1998, the specification 
contains numerous disclosures showing that one skilled in the art could make or use 
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the claimed method "without a viral vector," "without a retroviral vector," and "with no 
DNA of retroviral origin." "[A] specification disclosure which contains a teaching of the 
manner and process of making and using the invention in terms which correspond in 
scope to those used in describing and defining the subject matter sought to be patented 
must be taken as in compliance with the enabling requirement of the first paragraph of 
§ 112 unless there is reason to doubt the objective truth of the statements 
contained therein which must be relied on for enabling support." In re Marzocchi, 
169 U.S.P.Q. 367, 369 (C.C.P.A. 1971) (emphasis added). Since Applicant's 
specification contains numerous teachings that the claimed invention is enabled 
commensurate in scope with the claims, it must be taken as in compliance with the 
enabling requirement of the first paragraph of § 1 12 unless the Examiner provides 
reason to doubt the objective truth of these statements. 

The Examiner's sole basis for asserting that the application does not teach how 
to make or use the claimed method "without a viral vector," "without a retroviral vector," 
and "with no DNA of retroviral origin" is the erroneous assertion that plasmids pXGH5 
and pHINTS, which Applicant used in the Examples, are viral vectors. As Applicant has 
discussed above, this assertion is incorrect; plasmids pXGH5 and pHINTS do not 
contain any viral DNA, and they are not viral vectors. Since the Examiner's sole factual 
basis for rejection is erroneous, Applicant's specification must be taken as in 
compliance with the enablement requirement of 35 U.S.C. § 1 12, first paragraph, and 
the rejection should be withdrawn. 
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The Examiner rejected the claims in the previous Office Action (Paper No. 10) as 
allegedly not being enabled for species other than mice, which Applicant used in the 
Examples. Regarding this rejection, the Examiner summarily dismissed the Geisen 
Declaration because it does not discuss the present claims. The Examiner did not 
provide any authority for refusing to consider Applicant's evidence, and Applicant can 
find no such authority. The Examiner did not provide any authority for refusing to 
consider Applicant's evidence, and Applicant can find no such authority. If the 
Examiner continues to refuse to consider the Geissen Declaration, Applicant 
respectfully requests that the Examiner provide some authority for such a refusal so 
that Applicant can respond. 

The Examiner asserts that Applicant's discussion of cases supporting the use of 
animal models to enable claims to other species confuses the Utility Guidelines under 
35 U.S.C. § 101 with the requirements under 35 U.S.C. § 1 12, first paragraph, as to 
written description and enablement based upon that written description. (Paper No. 16 
at page 6). Applicant disputes this mischaracterization of Applicant's citation of the 
Utility Guidelines. Applicant merely cited the Utility Guidelines in a footnote as an 
example of the PTO's recognition of the close relationship between the enablement 
requirement of 35 U.S.C. § 1 12, first paragraph, and the utility requirement of both 35 
U.S.C. § 101 and 35 U.S.C. § 112, first paragraph. Applicant certainly did not confuse 
the PTO's nonprecedential guidance for its Examiners contained in the Utility 
Guidelines with Congress's statutory mandate contained in 35 U.S.C. § 112, first 
paragraph. 
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In the Amendment of March 1 1 , 1998, as well as the Supplemental Response, 
Applicant submitted numerous references that utilize Applicant's claimed method and 
cite the 1 987 Selden Science and New England Journal of Medicine articles for the 
method they use. The use of references published after an application's filing date as 
evidence of enablement is proper. Gould v. Quigg, 3 U.S.P.Q.2d 1302, 1305 (Fed. Cir. 
1987). Indeed, the PTO's reviewing courts have recognized that proof that an 
application enables the claimed invention is most often presented in the form of 
references, including post filing date references. Marzocchi, 169 U.S.P.Q. at 370, 370 
n.4; see also In re Brana, 34 U.S.P.Q.2d 1436, 1444 (Fed. Cir. 1995) (endorsing use of 
a post filing date declaration to prove enablement). As in Gould, Applicant did not 
submit these references to supplement an Insufficient disclosure to render it enabling. 
Rather, as endorsed in Marzocchi, Applicant submitted these references to show that 
Applicant's teachings enabled those skilled in the art to practice ex vivo gene transfer 
without using DNA of retroviral origin and without using a viral vector in one 
embodiment (see claim 72) and without using a retroviral vector in another embodiment 
(see claim 87). 

The Examiner dismissed the Cao et al. reference that Applicant submitted on the 
grounds that it was published long after Applicant's filing date and that it reports work 
using a viral vector. (Paper No. 16 at 6). Once again, Applicant did not submit the Cao 
et al. reference to supplement an insufficient disclosure. Rather, Applicant submitted 
Cao et al. to show that, as of Applicant's filing date, one skilled in the art would have 
been able to use immunosuppression to enhance the efficacy of gene transfer. 



As Applicant explained in the Amendment of March 11, 1998, the Cao et al. 
reference exemplifies the ability of those skilled in the art to use "immunosuppression to 
enhance the efficacy of gene transfer, just as immunosuppression is widely used in the 
treatment of patients with organ transplantation and multiple sclerosis." (Amendment of 
March 1 1 , 1998 at p. 31). Cao et al.'s gene transfer method is, quite simply, irrelevant 
to this point. The Cao et al. article shows that those skilled in the art are able to use 
immunosuppression to enhance the efficacy of gene transfer, just as treating physicians 
are able to use immunosuppression to enhance the efficacy of organ transplantation. 

The Examiner also dismissed Applicant's later evidence of the enablement as of 
Applicant's filing date because some later references (presumably the Orkin report and 
the Crystal reference) allegedly indicate that the application is not enabling. (Paper No. 
16 at 7). As Applicant discussed in the Amendment of March 1 1 , 1998, these 
references are irrelevant to the enablement of the claimed invention because they did 
not consider Applicant's category of gene transfer — ex vivo nonviral gene transfer. 

It is well established that the invention that must be enabled is the claimed 
invention. Applicant's claims relate to gene transfer (1) without a viral vector and 
without DNA of retroviral origin (claims 72-86) and (2) without a retroviral vector and 
without DNA of retroviral origin (claims 87-101). As Applicant showed in the 
Amendment of March 13, 1998, neither the Orkin report nor the Crystal reference 
considered ex wVo nonviral gene transfer of any type. Accordingly, the Orkin report and 
the Crystal reference are irrelevant to the enablement of the claimed invention by 
Applicant's specification. 
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The Examiner also summarily dismissed the Kawakami et al. article on the basis 
that Kawakami et al. used a viral vector. Specifically, the Examiner states that 
Kawakami et al. "did not even use a vector that contained no viral genetic material." 
(Paper No. 16 at 7, lines 16-17). 

Applicant respectfully submits that the Examiner has misconstrued the claimed 
invention. As Applicant explained above, Applicant's claimed invention excludes "DNA 
of retroviral origin." It does not exclude DNA of viral origin. 

In one embodiment, however, Applicant's claimed invention does exclude using 
a viral vector to introduce the DNA into the cells (see claim 72). In another 
embodiment, Applicant's claimed invention excludes using a retroviral vector to 
introduce the DNA into the cells (see claim 87). In another embodiment. Applicant's 
claimed invention excludes using viral infection (see claim 102). In yet another 
embodiment. Applicant's claimed invention excludes using retroviral infection (see claim 
103). 

Kawakami et al. used calcium phosphate transfection to introduce the pBMG- 
Neo-lns plasmid, which contains bovine papillomavirus DNA, but which does not 
contain any DNA of retroviral origin, into mouse LtK' cells. (Kawakami et al. at 957, col. 
2). Like Applicant, Kawakami et al. did not use retroviral DNA, and Kawakami et al. did 
not use a viral vector or a retroviral vector to introduce DNA into the cells. Having used 
ex vivo nonviral gene transfer, Kawakami et al. recognized that Applicant "pioneered 
the field of somatic gene therapy for hormone deficiency by proving that even a few 
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fibroblasts and keratinocytes can supply enough hormone to these animal models." 
(Kawakami et al. (Diabetes 41:956-961(1992)) at 956). 

Finally, the Examiner dismissed many other references that Applicant submitted 
in support of the specification's enablement of the claimed invention as of its filing date 
on the basis that these articles all cite the 1987 Selden Science and New England 
Journal of Medicine articles, which allegedly used viral vectors. Accordingly, the 
Examiner reasoned that these references were irrelevant to the claimed invention. 
Applicant has shown, however, that the Examiner's assertions concerning the plasmids 
Applicant used were erroneous. Accordingly, the Examiner must consider these 
references, which further support the enablement of the claimed invention, and 
Applicant respectfully requests withdrawal of this rejection. 



Provisional double patenting rejections 

The Examiner provisionally rejected claims 72-101 under the judicially created 
doctrine of obviousness type double patenting over: (1) claims 91-126 in copending 
Application Serial No. 08/461 ,292; (2) claim 44 of copending Application Serial No. 
08/460,902; (3) the pending claims of copending Application Serial No. 08/465,582; (4) 
claims 108-116 of copending Application Serial No. 08/451,894; (5) claims 68-77 and 
105-107 of copending Application Serial No. 08/446,909; (6) claims 96-104 of 
copending Application Serial No. 08/446,912; and (7) claims 125-134 of copending 
Application Serial No. 08/443,936. (Paper No. 16 at 8-11). Applicant respectfully 
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traverses these provisional rejections and will deal with them on the merits when the 
subject application is found to contain allowable subject matter. 



Indefiniteness rejection of claims 72-101 
under 35 U.S.C. S 112. second paragraph 



The Examiner rejected claims 72-101 under 35 U.S.C. § 112, second paragraph, 
as allegedly being indefinite on several grounds. (Paper No. 16 at pages 11-12). 
Applicant respectfully traverses this rejection. 

The Examiner asserted that claims 72 and 87 are not clear in their recitation of 
"without a viral vector." Solely to expedite allowance of the pending claims, Applicant 
has amended claims 72 and 87 to indicate that the transfection occurs "without using a 
viral vector." 

The Examiner asserted that claims 78, 84, 85, 93, and 99 are unclear in their 
recitation of "involves." Applicant respectfully disagrees with this assertion. 
Nonetheless, solely to expedite allowance of the pending claims, and not in 
acquiescence to this rejection. Applicant has amended claims 78, 84, 85, 93, and 99 to 
recite "comprises" rather than "involves." 

The Examiner asserted that claims 79 and 94 were not clear as to which animal 
was of the same species as the transfected cells. To further clarify the invention, 
Applicant has amended claims 72, 79, 86-87, 94, and 100 to recite the "recipient 
subject." As Applicant discussed in the specification, the term "recipient subject" 
includes animals in general and humans in particular. (Specification at p. 15, lines 18- 
22.) 

-22- 
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The Examiner also asserted that claims 80 and 81 do not further limit claims 73 
or 72 and that claims 95 and 96 do not further limit claims 88 or 87. Applicant 
respectfully disagrees with this assertion. Claim 80 recites that the promoter is not of 
viral origin, and claim 72 recites that the DNA sequence comprises no DNA of retroviral 
origin. Claim 72's "no DNA of retroviral origin" does not exclude "viral DNA." 
Accordingly, claim 80 properly limits claims 73 and 72. 

Similarly, claim 95 recites that the promoter is not of viral origin, and claim 87 
recites that the DNA sequence comprises no DNA of retroviral origin. Claim 87's "no 
DNA of retroviral origin" does not exclude "viral DNA." Accordingly, claim 95 properly 
limits claims 88 and 87. 

Solely to expedite allowance of the pending claims, Applicant have canceled 
claims 81 and 96. 

The Examiner asserted that claim 101 lacked antecedent basis for "recipient 
subject." The amendment to claim 87 Applicant discussed above remedies this 
oversight. 

The Examiner asserts that claims 85 and 100 are not clear as to what is a 

deleterious integration event. Applicant respectfully submits that one skilled in the art 

would recognize from Applicant's specification that a deleterious integration event was 

one that harmed the cell in which It occurred. As the application states, 

when retroviruses are used to infect marrow cells in batch, 
essentially every cell is infected, and the site of retroviral 
integration into the host's genome varies from cell to cell. 
Since the infected cells are not characterized before 
reintroduction, the possibility of a deleterious integration 
event cannot be eliminated. 
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(Specification at page 4). 

The Selden application cites the Robertson article Applicant submitted with the 

Goodman Declaration as teaching the problems with retroviral vectors that are related 

to the properties of retroviruses. (Id.). The Robertson article discusses this problem 

with retroviral methods that the Selden application discusses — DNA of retroviral origin 

can integrate almost anywhere: 

In an ideal world, the introduced gene would be 
targeted to replace precisely the defective one by site- 
specific recombination. This would not only eliminate the 
danger inherent in random insertion; it would also 
guarantee correctly regulated gene expression-a truly major 
advance. 

(Goodman Declaration Ex. 3 at 214, col. 1; emphasis added). Accordingly, one skilled 

in the art would recognize what a deleterious integration event is and could use known 

assay methods to identify such an event. 

The Examiner also asserted that claims 84 and 99 are unclear as to what are 

"desired regulation properties." Solely to expedite allowance of the pending claims, 

Applicant has amended claims 84 and 99 to recite "desired expression properties." 

Applicant respectfully submits that one skilled in the art would know what desired 

expression properties are from the application. For example, the application discusses 

the selection of cells possessing "desired expression properties": 

Figure 1 shows a diagramatic representation of one 
embodiment of transkaryotic implantation. Cultured cells are 
co-transfected with the gene of therapeutic interest and a 
gene encoding a selectable marker. Stably transfected cells 
are identified by their ability to express the marker gene as 
evidenced by their ability to survive the selection regimen 
(cells that have not taken up the marker gene are destroyed 
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by this regimen). Individual colonies of stably transfected 
cells are then multiplied and characterized with respect to 
the expression and regulation of the gene of therapeutic 
interest. A clonal line possessing the desired expression 
properties is then introduced into one of a variety of 
anatomical locations in the host animal, which is itself 
characterized with respect to expression of the gene of 
interest. 

(Specification at pages 12-13). Accordingly, one skilled in the art would understand 
what desired expression properties are. 



Rejection of claims 80 and 81 under 
35 U.S.C. S 112. fourth paragraph 

The Examiner rejected claims 80 and 81 as allegedly being improper dependent 

claims for failing to limit the claims from which they depend. (Paper No. 16 at 12). 

Applicant respectfully traverses this rejection to the extent it Is applied to claims 80 and 

95. As Applicant discussed above regarding the indefiniteness rejection, claims 80 and 

95 properly limit the claims from which they depend, and Applicant has canceled claims 

81 and 96. Accordingly, Applicant respectfully requests withdrawal of this rejection. 
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Provisional rejection of claims 72-101 
under 35 U.S.C. S§ 102(fl. (q). or 103 



The Examiner provisionally rejected claims 72-101 under 35 U.S.C. §§ 102(f), 
(g), or 103 as allegedly being unpatentable over the count and disclosure of the winning 
party in the interference. Applicant respectfully traverses this provisional rejection and 
will deal with it on the merits when the subject application is found to contain allowable 
subject matter. 

-25- 



Rejections of claims 72-101 
under 35 U.S.C. § 103(a) 

The Examiner rejected claims 72-101 over (1) several references and (2) several 
combinations of these references. Applicant respectfully traverses these rejections, 
and Applicant addresses these rejections together because they both fail for a lack of a 
reasonable expectation of success. 

A combination of references cannot render a claimed invention obvious, even if 
they separately teach each and every element of the claimed invention, unless the 
combination would have provided one of ordinary skill in the art with a reasonable 
expectation of success. In re Dow Chem. Co., 5 U.S.P.Q.2d 1529, 1532 (Fed. Cir. 
1988). Since a reference must be considered for all that it teaches, disclosures that 
teach away from the claimed invention cannot be disregarded. W.L. Gore and Assoc., 
Inc. V. Garlock, Inc., 220 U.S.P.Q. 303, 311 (Fed. Cir. 1983). A reference teaches 
away from an invention when it would lead one of ordinary skilled in the art "in a 
direction divergent from the path that was taken by the applicant." In re Gurley, 31 
U.S.P.Q.2d 1130, 1131 (Fed. Cir. 1994). 

As Applicant discussed in detail in the Amendment of March 1 1 , 1998, numerous 
references taught away from the claimed invention, which involves methods for 
transferring a DNA sequence "without using a viral vector" and with no DNA of retroviral 
origin and gene transfer methods for transferring a DNA sequence "without using a 
retroviral vector" and with no DNA of retroviral origin. These references focused on the 
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advantages of viral vectors, especially retroviral vectors, and the problems with nonviral 
vectors. Applicant submitted numerous references supporting this discussion. 

In response, the Examiner made two obviousness rejections in Paper No. 16, but 
the Examiner did not even mention any expectation of success (let alone a reasonable 
expectation of success). Rather than participate in the Examiner's hindsight-aided 
alleged identification of individual elements of the claimed invention, Applicant 
maintains that, as the evidence submitted with the Amendment of March 1 1 , 1998, 
shows, one of ordinary skill in the art would not have had a reasonable expectation of 
success. Accordingly, Applicant respectfully requests withdrawal of the two 
obviousness rejections. 

Conclusion 

In view of the extensive evidence of the nonobviousness, description, and 
enablement of the claimed invention. Applicant respectfully submits that the claims are 
in condition for allowance. Applicant respectfully requests that the Examiner 
acknowledge what many scientists have— Applicant's pioneering work was nonobvious 
and enabled — and allow the pending claims so that Applicant's pioneering work will be 
published in the U.S. in the form of a U.S. patent. 
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REQUEST FOR INTERVIEW 

If the Examiner does not believe the claims are in condition for allowance, 
Applicant respectfully requests the Examiner to contact the undersigned to schedule an 
interview with the Examiner and his Supervisory Patent Examiner before the Examiner 
acts upon this Amendment, regardless of the number of outstanding issues. 

If there are any fees due in connection with the filing of this response, please 
charge the fees to our Deposit Account No. 06-0916. If a fee is required for an 
extension of time under 37 C.F.R. § 1.136 not accounted for above, such an extension 
is requested, and the fee should also be charged to our Deposit Account. 



Respectfully submitted, 



FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 



Date: December 8, 1998 




Michael T. Siekman 
Reg. No. 36,276 
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ctors derived from 
.amentous phages 

Itroduction to Vectors Derived from 
^lamentous Phages 



mjiany vectors in current use arc derived 
1 filamentous phages. These vectors are 
I, ijccausc DNA inserted into them can be 
l£hvercd in two forms — doublc-sirandcd cir- 
^^and single-stranded circles. Foreign DNA 
j^^rtcd into double-stranded vector DNA 
L then, reintroduced into cells by iransfor- 
<\. Once inside the cells, double-stranded 
j*JA replicates, giving rise both to new doublc- 
iwdcd circles and to single-stranded circles 
Shrived from one of the two suands of the 
•. Single-stranded circles are packaged 
StD phage particles and secreted from cells 
Which do notlyse). Ccntrifugaiion of aculture 
M infected cells yields a supernatant that is full 
)f particles containing only a single strand of 
it phage DNA. This ready availability of 
Baglc-slranded DNA has made possible new 



procedures for sequencing DNA (Chapter 7), 
mutagenesis (Chapter 8), and other techniques 
described in this book. 

Techniques to isolate doublc-sirandcd DNA 
using these vectors are described in umi.is. 

DEVELOPMENT AND USE OF 
FILAMENTOUS PHAGE VECTORS 
Prototypes of the filamentous phage vectors 
are the M13mp derivatives (see Figs. 1.14.1 
and 1.14.2). These vectors vyerc developed by 
Joachim Messing and his co-workers, who 
also developed and disseminated simple and 
powerful techniques for working with them. 
The M13mp vectors are viable phages. For- 
eign DNA is inserted into a polylinker (a 
sUTCtch of DNA that contains contiguous re- 
stiicLion sites) located in an inessenUal region 




(Mel)ThrMellleThfA3p— /acZ ' 



:OAGC ICG or* ccc oocc 



6270 

H CCT cr* C*C TCC *CC ICC A 



62d0 

n CCA Acc no CCA cr 



■ * 1-14.1 Ml3mp18. Ml3mp18 is one of Ih M13mp vectors made by Messing and 
^.Ques. Insertion of DNA into th polylinker inactivates the /acZ alpha fragment. When 
te--^"^®'"'ng phages are plat d under appropriate conditions [urn \.is), they form colorless 
M^i-^' ^^'^ors that do not contain inserts form blue plaques (Yanisch-Perron et al., 1985, and 
'f^^^-s therein). H H V 
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M13mp19/pUC19 



1 2 3 4 5 6 1 2 3 4 5 6 7 8 9 10 11 12 13 14 tS 16 17 18 7 8 
THR MET ILE THR ASN SER sarMrvalpcogtyaappiolaugluMrthrcytanjhlitUiarlaukta LEU ALA 
ATQ ACC ATQ ATT A CQ AAT TOG AQC TCP OTA CO C OG Q GAT CCT CTA QAQ TCX3 ACC TOO AqO CAT OCA AQC TTQ OCA CTQOCC 
ecofll S»n Kpnt j^^i SamHI X6«l p,a SpM HkKSW . Htm 

M13mp11/pUC13 

1234 12345678910 11 121314 15 165678 
THR MET ILE THR pfOi«louglycy»afBM<mf kioglua»ppro«fg«l«i«ft« ASN SER LEU ALA 

ATQ ACC ATQ ATT ACQ CCA AGC TTG QGC TGC AGO TCG ACT CTA GAG OAT CCC COQ OCp AQC TCP AAT TCA CTOQCC 



M13mp10/pUC12 

1 2 3 4 5 6 1 2 3 4 5 6 7 8 9 K) 11 12 13 14 15 16 7 8 " 
THR MET ILE THH ASN SER »vitarfm^t3^[imi»t^»«nvcf*v>tf>ro»a<i»i»i» LEU ALA 
ATG ACC ATQ ATT ACQ ATT TCG AOC TCG CCC QGQ GAT CCT CTA GAG TCG ACC TGC AGC CCA AGC TTQ OCA CTO OCC 



THR MET ILE THR ASN sorproaspprotw W cft ai^ tw tfiraipproglyawi SER 
ATG ACC ATQ ATT AC Q AAT TCC CC O OAT CCO TCG AC C TGC AGO TCG AC Q OAT CCO G0 9 AAT T(^ 

fcoHl • 




Figure 1.14.2 Ml3mp/pUC polyllnkers. Sequence of polylinkers in the commonly used members of these two series 
of vectors (Yanisch-Perron at a!., 1985. and refer nces therein). Amino acids that have been added to the /acZfl*"* 
product by insertion of the polyiinker are shown in tower case fetters. The bracket shows location of polylinkers on vector., 
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-phage gend^^he polylinker'is cmbed- 
jn-ftamc within an alpha fragment of the 
"gene. M13mp derivatives form blue 
ucs on lawns of cells that contain the lacZ 
'ga fragment on plates with Xgal and IPTG. 
..stranded DNA is purified firom phage- 
j cells, cut within the polylinker with 
1 enzymes, and foreign DNA is li- 
5 the cut vector. Insert-bearing phages 
white plaques. Infected cells from the 
r of white plaques are grown in liquid 
c then ccntrifugcd to yield supcrnatanls 
f phage particles containing a single 
d of DNA. Phage particles arc conccn- 
i pure single-stranded DNA is cx- 
dfrom them and uscdinolhcrproccdurcs. 
3 inadequacies of the M13mp phages 
^iccd development of subsequent genera- 
is of vectors. First, it is not always easy to 
n large amounts of double-stranded DNA. 
s is because DNA is obtained by lysing 
-ted cells, but infected cells grow more 
y than uninfected cells, and there is no 
' selection for cells that retain the phage, 
"nd, phages that contain insertions of more 
' a few hundred nucleotides sometimes give 
to progeny phage in which some of the 
d DNA was deleted. This may be due to 
t that cells infected with large phages 
wcven more slowly than cells infected with 
11 phages, so that cells containing deletion 
"vativcs of phages with large inserts have a 
h advantage. 

r to overcome these disadvantages, 
"~y vectors were developed (e.g., pEMBL) 
containashortstretchofDNAthatincludes 
e origin of replication. These vectors 
.contain a pMB 1-derived origin of replica- 
t P-lactamase (ampicillin-rcsistancc) 
1 polylinker embedded within an 
implementing fragment of lacZ. The 
. which are much smaller than the 
mp phages, arc introduced into the cell by 
lation; their continued presence can 
d by growth of the cells in ampicil- 
Tntaining medium. Since these vectors do 
c phage proteins required for DNA 
'^on, vector DNA replicates inside the 
] the pMBl origin of replication. 
^ when cells containing these vectors 
-infected with wild-type helper phage. 
. origin of replication becomes active 
.. gle-stranded progeny phages are se- 
.mto the medium together with progeny 
.phage. Contamination with helper 
.usually does not interfere with most 
ons because the helper docs not con- 



tain genes enco<^^^acZ or ampicillin resis- 
tance, nor is it likely to contain any piece of 
nucleic acid used as a hybridization probe. 
Vectors developed even more recently (e.g., 
pUCl 18, pBIuescribe) arc designed to be used 
with a slightly improved helper phage and also 
often include SP6 or T7 phage polymerase 
promoters reading into the polylinker (sec Fig. 
1.5.3 and unit j. is for details). 

LIFECYCLE OF FILAMENTOUS 
PHAGES 

The filamentous phages (fl, MI 3. and fd) 
arc singlc-strandcd DNA phages that arc male- 
specific — that is, they infect malcE co// strains 
that contain an F factor (F*, F', or Hfr; sec UNrr 
1.4). These three phages arc essentially indepen- 
dent isolates of the same phage, and differ only 
by a few nucleotide substitutions. The phage 
particle is shaped like a long thin tube. Its coat 
is composed primarily of thousands of mono- 
mers of the gene 8 product. The genome con- 
sists of a single-stranded, circular DNA mole- 
cule, 6407 nucleotides long, which runs down 
the length of the tube. In addition to coding for 
ten proteins, the genome contains an intcrgenic 
space (IG) between gene 4 and gene 2. The IG 
contains origins for (+)-and (-)-strand DNA 
synthesis, a signal for packaging the (+) strands 
into phage particles, and a transcription termi- 
nator. (A genetic map of the phage is shown in 
Figure 1.14.3.) Filamentous phages are useful 
cloning vectors because there appears to be no 
size limit for packaging; if longer genomes are 
generated, they are packaged into longer phage 
particles. The phage particle contains -2700 
monomers of the major coat protein, the prod- 
uct of gene 8, and several minor coat proteins 
at the ends. One of the minor coat proteins, the 
product of gene 3, attaches to the receptor at 
the tip of the F pilus of the host E. coli. Upon 
binding, the pilus is thought to retract, bringing 
the phage in contact with the bacterial cell 
surface. The coat proteins arc removed from 
the phage particle and inserted into the bacterial 
cell membrane. After uncoating, the infecting 
circular single-stranded DNA is brought into 
the cytoplasm in aproccss that remains unclear. 

Phage DNA replication takes place in three 
stages within the infected ceil. In stage one 
(complementary strand synthesis), a comple- 
mentary (-) strand of phage DNA is synthe- 
sized. This synthesis converts the infecting 
single-stranded circular DNA, the (+) strand, 
into double-stranded replicativc-form (RF) 
DNA. Synthesis of the (-) strand begins at the 
(-)-strand origin (within the IG), and is carried 
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out by the host E. coli replicative enzymes. 

In the second stage of replication, the intra- 
cellular pool of RF DNA is increased by the 
sequential action of both replication origins. 
Rolling-circle type replication from the (-^)- 
strand origin is followed by conversion of the 
progeny single-stranded circles to double 
strands by replication starting at the (-)-strand 
origin. The resulting RF DNA molecules are 
intermediates in DNA synthesis and transcrip- 
tion templates for the synthesis of the phage- 
encoded proteins. Transcription proceeds in the 
same direction as (-h)-strand rolling-circle rep- 
lication. It is suspected that u-anscriplion into 
the replication fork, in the direction of the (-) 
strand, would inhibit replication, as proposed 
for the replication of the E. coli chromosome 
(Brewer, 1 988). Although this idea has not been 
rigorously tested, it is attractive because it pro- 
vides an explanation for (wo common cloning 
problems: why certain pieces of DNA arc not 
clonablc, and why, occasionally, only one of 
two possible orientations of an insert are some- 
times recovered in a subcloning experiment. 

The (+)-strand replication origin that directs 
rolling-circle replication has a bipartite struc- 
ture. It consists of an essential core origin 
region (-50 bp) and an adjacent A+T-rich "en- 
hancer" sequence (-100 bp) which increases 
replication - 1 00-fold. The core origin binds the 
initiator protein (gene 2 protein) and the en- 



hancer binds the E. coli integration host factoj 
(IHF). The polylinker cloning site in cloning 
vectors of the MI3mp series disrupts the repli. 
cation enhancer sequence, but these vectors 
have acquired compensatory mutations in gcnj 
2 that restore efficient replication. Consc. 
quently, virtually any sequence can be intrc 
duced into the polylinker without disrupting 
DNA replication. 

The gene 2 protein is a multifunctional pro. 
tcin that plays several roles in phage DNA 
replication. It binds cooperatively to the (+). 
strand origin in two steps, bends the origin 
DNA, and inuoduces a specific nick in the (+) 
strand of RF DNA. The 3'-hydroxyl end of the 
nick serves as tlie primer for (+)-sirand rolling, 
circle replication. (This activity makes the gene 
2 protein a useful enzyme for producing 
uniquely nicked DNA molecules in vitro.) 
After nicking, the DNA molecules still need the 
gene 2 protein for unwinding and replication. 
FinaJfy, upon completion of a round of synthesis, 
gene 2 protein cleaves and circularizes the 
displaced single strand (see unm.is). 

The third stage of replication (single-strand 
production) occurs late in infection. This stage 
of DNA replication is asymmetric because the 
(-)-strand origin functions at a reduced level 
late in the infection and therefore mainly (+) 
strands are produced. These single-stranded 
circles, {+) strands, arc packaged into phage 
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cs for export insi^of being converted 

infection with filamentous ph- 
;.!^lcthal and the host cells do not lyse. 
ilelrgrowth rate slows -2-fold. m 
'-Lowlh rate of the host cells accounts 
^"^•.hlrbid plaques that the filamentous 
form on a lawn of sensitive cells. Sur- 
•'iv several of the phage proteins have 
foid to be lethal to E. coli when cx- 
from aplasmid with enhanced rcplica- 
rtueh copy number). Evidently. DNA 
-^on in the infected cell is UghUy rcgu- 
b prevent this lethality. The mechanism 
>M this regulation is achieved is not 
ilctclY understood, but the phage- 
^cdsinglc-stfanded DNA binding protein 
' 5 protein) appears to be required for it. 
steady state of infection, the RF DNA is 
teined as a plasmid with a copy number 
1 ID 40. and phage are continuously 
id at a rate of 100 to 200/hr. The infected 
■ quite stable with -1 cell in every 1000 
becoming uninfected each generation. 

REFERENCES 

ind Zink, B . 198 1 . Nucleotide sequence and 
-ome organization of filamentous bacterio- 
•eefl and bacteriophage fd. Gem 16:35-38. 
V-BJ. 1988. When polymerases collide: 
"=cation and the transcriptional organization 
the E. coli chromosome. Cell 53:679-686. 



Dcntc, L.. Cesarcni. C^Bli Cortesc, R. 1983. 
pEMBL: A new family of single-stranded plas- 
mids. Hucl. Acids Res. 11:1645-1655. 

Grccnsleia D. and Horiuchi, K. 1988. Integration 
host factor interacts with the DNA replication 
enhancer of filamentous phage fl. Proc. Natl. 
Acad.Sci. USA. 85:6262-6266. 

Messing. J. 1983. New M13 vectors for cloning. 
Methods Enzymol. 101:20-78. 

Messing. J.. Groncnbom. B.. Mullcr-Hill. B.. and 
Hofschneidcr. P.H. 1977. Single-strand filamen- 
tous DNA phage as a carrier for in vitro recom- 
bined DNA. Proc. Natl. Acad. Sci. U.SA. 
74:3642-3646. 

Raschcd, I. and Obercr. E. 1986. Ff coliphagcs: 
Structural and functional relationships. Micro- 
biol. Rev. 50:401-427. 

Yanisch-Perron. C. Vicira. J., and Messing. J. 
1985. Improved M 1 3 phage cloning vectors and 
host strains: Nucleotide sequences oftheM13mpl8 
and pUC19 vectors. Ccnfi 33:103-119. 

Zinder. N.D. and Bockc. J.D. 1 982. The filamentous 
phage as vector for recombinant DNA: A re- 
view. Gc«« 19:1-10. 

Zinder. N.D. and Horiuchi, K. 1985. Multircgula- 
tory element of filamentous bacteriophages. 
Micorbiol. ;?cv. 9:101-106. 



Contributed by David Grecnstcin 

and Roger Brent 
Massachusetts General Hospital 

and Harvard Medical School 
Boston, Massachusetts 



Escherichia coli, 
Plasmlds, and 
Bacteriophages 

1.14.5 

Supplement 9 



Curriculum Vitac 



Name: Howard M. Goodman, Ph.D. 

Address: Department of Molecular Biology 

Ma,ssachusetts General Hospital 
Boston, MA 02114 

Date of Birth: November 29, 1938 

Place of Birth: Brooklyn, New York 

Education: 

I960 A.B. Williams College, Williamstown, MA (Physics) 

1964 Ph.D. Massachusetts Institute of Technology, Cambridge, MA 
(Biophysics) 

Post Doctoral Training: 

1967-1969 Institute of Molecular Biology, 
Laboratory of Biochemical Genetics, 
Geneva, Switzerland 

Postdoctoral Fellow in Molecular Biology 

1964-1967 Medical Research Council 
Laboratory of Molecular Biology 
Cambridge, England 

Postdoctoral Fellow in Molecular Biology 
(Molecular Genetics and Biochemistry) 

Academic and Hospital Appointments: 

1981-present Chief, 

Department of Molecular Biology 
Massachusetts General Hospital 
Boston, MA 

1981-present Professor, 
Department of Genetics 
Harvard Medical School 
Boston, MA 

1978-1981 Investigator, 

Howard Hughes Medical Institute 

I976-I981 Professor of Biochemistry, 

University of California, San Francisco 



1971-1976 Associate Professor, 

University of California, San Francisco 



Howard M. Goodman CV-1 



1970-1971 Assistant Professor, 

University of California, San Francisco 



1969-1970 Assistant Professor, 
University of Geneva 

Other Professional Positions: 

1976-1977 Faculty Scholar Award, 
Josiah Macy, Jr. Foundation 
Department of Biophysics, 
Kyoto, Japan 
and 

Department of Genetics, 
University of Washington, 
Seattle. WA 

Awards and Honors: 

1986 Honorary Doctorate of Science, Williams College, MA 
1981 George W. Thorn Award, Howard Hughes Medical Institute 
1979 H.C. Jacobaeus Foundation Lecturer 

1978 CIBA-GEIGY DREW Award in Biomedical Research 

1967-1969 Research Postdoctoral Fellow, 
American Cancer Society 

1964-1967 Research Postdoctoral Fellow, 
Helen Hay Whitney Foundation 

Editorial Boards: 

A. .1 0 M r n a I $: 

1980-1984 Editor-in-Chief, 

Journal of Molecular and Applied Genetics 

B. Books : 

1987 Agabian N, Goodman HM, Nogueira N. (eds.) Molecular 
strategies of parasitic invasion. UCLA Symposium on 
Molecular and Cellular Biology, New Series:42. New 

York: Alan R. Liss, Inc. 

Professional Societies: 

American Society of Biological Chemists 

American Association for the Advancement of Science 

Council of Biology Editors 

International Society for Plant Molecular Biologists 
New York Academy of Sciences 



Howard M. Goodman CV-2 



Bibliography: 

Original Reports 

1. Goodman HM, Rich A. Formation of a DNA-soluble RNA hybrid and its relation 
to the origin, evolution, and degeneracy of soluble RNA. Proc Natl Acad Sci USA 
1962: 48:2'l01-2109. 

2. Goodman HM, Rich A. Mechanism of polyribosome action during protein 
synthesis. Nature 1963; 199:318-322. 

3. Rich A, Warner JR, Goodman HM. The structure and function of 
polyribosomes. In: Cold Spring Harbor Symposium on Quantitative Biol 1963; 
28:269-285. 

4. Bretscher MS, Goodman HM, Menninger JR, Smith JD. Polypeptide chain 
termination using synthetic polynucleotides. J Mol Biol 1965; 14:634- 639. 

5. Smith JD, Abelson JN, Clark BFC, Goodman HM, Brenner S. Studies on amber 
suppressor tRNA. In: Cold Spring Harbor Symposium on Quantitative Biol 1966; 
31:479-485. 

6. Landy A, Abelson J, Goodman HM, Smith JD. Specific hybridization of tyrosine 
transfer ribonucleic acids with DNA from a transducing bacteriophage 080 
carrying the amber suppressor gene SU^jj. J Mol Biol 1967; 29:457-471. 

7. Smith JD, Abelson JN, Goodman HM, Landy A, Brenner S. Amber suppressor 
transfer ribonucleic acid. In: Proceedings of the Fourth FEBS Meeting (Oslo). 1967. 
London: Academic Press, Inc., 1967; 3:37-51. 

S. Goodman HM, Abelson J, Landy A, Brenner S, Smith JD. Amber suppression: a 
nucleotide change in the anticodon of a tyrosine transfer RNA. Nature 1968; 
217:1019-1024. 

9. Min Jou W, Fiers W, Goodman H, Spahr P. Allocation of polypurine tracts to two 
fragments of bacteriophage MS2 RNA. J Mol Biol 1969; 42:143-146. 

10. Billeter MA, Dahlberg JE, Goodman HM, Hindley J, Weissmann C. Sequence of 
the first 175 nucleotides from the 5' terminus of QB RNA synthesized in vitro. 
Nature 1969; 224:1083-1086. 

11. Billeter MA, Dahlberg JE, Goodman HM, Hindley J, Weissmann C. Nucleotide 
sequence analysis of an enzymatically synthesized RNA corresponding to the 
5'-terminal region of QB RNA. In: Cold Spring Harbor Symposium on Quantitative 
Biol. 1969; 34:635-646. 

12. Billeter MA, Dahlberg JE, Goodman HM. Hindley J, Weissmann C. A new 
approach to determination of the nucleotide sequence of a viral RNA. J Cell Physiol 
1969; 74(Suppt 1): 197-204. 

13. Goodman HM, Abelson JN, Landy A. Zadrazil S, Smith JD. The nucleotide 
sequences of tyrosine transfer RNAs of E. coli. Eur J Biochem 1970; 13:461-483. 



Howard M, Goodman CV-3 



14. Goodman HM. Billeter MA, Hindley J, Weissmann C. The nucleotide sequence at 
the 5'-terminus of the QB RNA minus strand. Proc Natl Acad Sci USA 1970; 
67:921-928. 

15. Cassani G. Burgess RR, Goodman HM. Streptolydigin inhibition of RNA 
polymerase. In: Cold Spring Harbor Symposium on QU'in^'t^itive Biol. 1970; 
35:59-63. 

16. Cassani G. Burgess RR, Goodman HM, Gold L. Inhibition of RNA polymerase by 
Streptolydigin. Nature New Biology 1971; 230:197-200. 

17. Sederoff R, Bolle A, Goodman HM, Epstein RH. Regulation of rll and region D 
transcription in T4 bacteriophage: a sucrose gradient analysis. Virology 1971; 
46:817-829. 

18. Hedgpeth J, Goodman HM, Beyer HW. DNA nucleotide sequence restricted by 
the RI endonuclease. Proc Natl Acad Sci USA 1972; 69:3448-3452. 

19. Weissmann C, Billeter MA, Goodman HM. Hindley J, Weber H. Structure and 
function of phage RNA, 1972. In: RNA Viruses/Ribosomes. Amsterdam: North 
Holland. 1972:1-18. 

20. Taylor JM, Faras AJ, Varmus HE, Goodman HM, Levinson WE, Bishop J. M. 
Transcription of ribonucleic acid by the ribonucleic acid directed deoxyribonucleic 
acid polymerase of Rous sarcoma virus and deoxyribonucleic acid polymerase I of 
Escherichia coli. Biochemistry 1973; 12:460-467. 

21. Weissmann C, Billeter MA, Weber H, Goodman HM, Hindley J. Structure and 
function of phage RNA: a summary of current knowledge. In: Kenney FT, Hamkalo 
FA. Favelukes G, August JT, eds. Gene expression and its regulation. New York, NY; 
Plenum Press, 1973; 1:13-28. 

22. Boyer HW. Chow LT, Dugaiczyk A, Hedgpeth J, Goodman HM. DNA substrate site 
for the Ecoj^jj restriction endonuclease and modification methylase. Nature New 

Biology 1973; 244:40-43. 

23. Weissmann C, Billeter MA, Goodman HM, Hindley J, Weber H. Structure and 
function of phage RNA. Ann Rev Biochem 1973; 42:303-328 

24. Faras AJ. Garapin AC, Levinson WE, Bishop JM, Goodman HM. Characterization 
of the low molecular weight RNA's associated with the 70S RNA of Rous sarcoma 
virus. J Virol 1973; 12:334-342. 

25. Faras AJ, Taylor JM, Levinson WE, Goodman HM, Bishop JM. RNA-directed DNA 
polymerase of Rous sarcoma virus: initiation of synthesis with 70S viral RNA as 
template. J Mol Biol 1973; 79:163-183. 

26. ' Bishop JM, Faras AJ, Garapin AC. Goodman HM, Levinson WE, Stavnezer J, 
Taylor JM. Varmus HE. Characteristics of the transcription of RNA by the DNA 
polymerase of Rous sarcoma virus. In; Wells RD, Inman RB. eds, DNA synthesis in 
vino. Baltimore: University Park Press. 1973:341-359. 

27. Bishop JM, Deng CT, Faras AJ, Goodman HM, Levinson WE, Taylor JM, Varmus 
HE, Transcription of the Rous sarcoma virus genome by RNA- directed DNA 



Howard M, Goodman CV-4 



polymerase. In: Fox CF, Robinson WS, eds. Virus research. New York, NY: 
Academic Press, 1973:15-31. 

28. Dugaiczyk A. Hedgpeth J, Beyer HW, Goodman HM. Physical identity of the 
SV40 deo.xyribonucleic acid sequence recognized by the Eco RI restriction 
cndonuclease and modification niethylase. Biochemistry 1974; 13:503-512. 

29. Dugaiczyk A, Boyer HW, Goodman HM. Demethylamination of N^- 
methyldeoxyadenosine by commercial spleen phosphodiesterase preparations. 
Biochem Biophys Res Comm 1974; 56:641-646. 

30. Faras AJ, Levinson WE, Bishop JM, Goodman HM. Identification of a tRNA 
nucleotidyltransferase and its substrates in virions of avian RNA tumor viruses. 
Virology 1974; 58:126-135. 

31. Dahlberg JE, Sawyer RC, Taylor JM, Faras AJ, Levinson WE, Goodman HM, 
Bishop JM. Transcription of DNA from the 70S RNA of Rous sarcoma virus: I. 
Identification of a specific 4S RNA which serves as primer. J Virol 1974; 

13:1 126-1 133. 

32. Faras AJ, Dahlberg JE, Sawyer RC, Harada F, Taylor JM, Levinson WE, Bishop 
JM, Goodman HM. Transcription of DNA from the 70S RNA of Rous sarcoma virus: 
II. Structure of a 4S RNA primer. J Virol 1974; 13:1134-1142. 

33. Morrow JF, Cohen SN, Chang ACY, Boyer HW, Goodman HM, Helling RB. 
Replication and transcription of eukaryotic DNA in Escherichia coli. Proc Natl Acad 
Sci USA 1974; 71:1743-1747. 

34. Taylor JM, Garfin DE, Levinson WE, Bishop JM, Goodman HM. Tumor virus 
RNA-directed DNA synthesis: nucleotide sequence at the 5'-terminus of nascent 
DNA. Biochemistry 1974; 13:3159-3163. 

35. Garfin DE, Goodman HM. Nucleotide sequences at the cleavage sites of two 
restriction endonucleases from Hemophilus parainfliienzae . Biochem Biophys Res 
Comm 1974; 59:108-116. 

36. Greene PJ, Betlach MC, Boyer HW, Goodman HM. The EcoRI restriction 
cndonuclease. DNA replication and biosynthesis. In: Wickner RW, ed. Methods in 
molecular biology. Vol. 9. New York. NY: Marcel Dekker, Inc., 1974:87-112. 

37. Helling RB, Goodman HM, Boyer HW. Analysis of endonuclease R. EcoRI 
fragments of DNA from lambdoid bacteriophages and other viruses by agarose-gel 
electrophoresis. J Virol 1974; 14:1235-1244. 

38. Cohen SN. Chang ACY. Morrow JF. Boyer HW. Goodman HM, Helling RB, Chow L, 
Hsu L. In vitro construction of bacterial plasmid replicons containing prokaryotic 
and eukaryotic genes. In: Robinson WS, Fox CF, eds. Mechanisms of virus disease. 
Menlo Park. CA: W.A. Benjamin, Inc.. 1974:403-419. 

39. CordcU-Stcwart B, Taylor JM. Rohde W, Goodman HM, Bishop JM. Transfer 
RNAs of Rous sarcoma virus and the initiation of DNA synthesis by viral reverse 
transcriptase. In: Viral transformation and endogenous viruses. New York, NY: 
Academic Press. 1974:117-135. 



Howard M. Goodman CV-5 



40. Duaaiczyk A, Kimball M, Linn S, Goodman HM. Location and nucleotide 
sequence of the site on SV40 DNA methylated by the Eco B modii'ication methylase. 
Biochem Biophys Res Comm 1974; 61:1133-1140. 

41. Chow LT. Boyer HW, Tischer EG, Goodman HM. Electron microscopic mapping 
of the attachment sites on SV40 DNA during lytic infection. In: Cold Spring Harbor 
Symposium on Quantitative Biol 1974; 39:109- 117. 

42. Bishop JM, Deng CT, Faras AJ, Goodman HM. Guntaka RR, Levinson WE. 
Cordell-Stewart B. Taylor JM, Varmus HE. Transcription of the Rous sarcoma virus 
genome in vitro and m vivo. In: Ito Y, Ducher RM, eds. Comparative leukemia 
research 1973, leukemogenesis. Tokyo/Karger. Basel: University of Tokyo Press, 
1975:517-523. 

43. Taylor JM, Cordell-Stewart B, Rohde W, Goodman HM, Bishop JM. Reassocialion 
of 4S and 5S RNs with the genome of avian sarcoma virus. Virology 1975; 
65:248-259. 

44. Roulland-Dussoix D, Yoshimori R. Greene P, Betlach M, Goodman HM, Boyer 
HW. R factor-controlled restriction and modification of deoxyribonucleic acid. In: 
Schlessinger D, ed. Microbiology 1974. Washington, DC: American Society for 
Microbiology, 1975:187-198. 

45. Dugaiczyk A, Boyer HW, Goodman HM. Ligation of EcoRI endonuclease- 
generated "dNA fragments into linear and circular structures. J Mol Biol 1975; 
96:171-184. 

46. Mantei N, Boyer HW, Goodman HM. Mapping simian virus 40 mutants by 
construction of partial heterozygotes. J Virol 1975; 16:754-757. 

47. Boyer HW, Greene PJ, Meagher RB, Betlach MC, Russel D, Goodman HM. The 
methylation of DNA as the biochemical basis of host controlled modification of DNA 
bacteria. In: FEES Symposium (Budapest). 1975; 34:23-37. 

48. Garfin DE. Boyer HW, Goodman HM. Sequences spanning the EcoRI substrate 
site. Nucl Acids Res 1975; 2:1851-1865. 

49. Polisky B. Greene P. Garfin DE, McCarthy BJ, Goodman HM, Boyer HW. 
Specificity of substrate recognition by the EcoRI restriction endonuclease. Proc 
Natl Acad Sci USA 1975; 72:3310-3314. 

50. Greene PJ. Poonian MS, Nussbaum AL, Tobias L, Garfin DE, Boyer HW, Goodman 
HM. Restriction and modification of a self-complementary octanucleotide 
comaining the EcoRI substrate. J Mol Biol 1975; 99:237-261. 

51. Bishop JM. Deng CT. Faras AJ, Goodman HM, Guntaka RR, Levinson WE, 
Cordell-Steward B. Taylor JM, Varmus HE. The provirus of Rous sarcoma virus: 
synthesis, integration and transcription. In: Kolber A, ed. The tumor virus-host 
coll interaction. New York, NY: Plenum Publishing, 1975:255-265. 

52. Garfin DE, Leong JAC, Goodman HM. The EcoRI site of simian virus 40 
deoxyribonucleic acid: nucleotide sequences of the minus and plus strands. 
Biochem Biophys Res Comm 1976; 68:369-374. 



Howard M. Goodman CV-6 



53. Brown \VM. Watson RW, Vinograd J, Tait KM. Boyer HW, Goodman HM. The 
structure and fidelty of replication of mouse mitochondrial DNA-pSCIOi EcoRI 
recombinant plasmids grown in E. coU K12. Cell 1976; 7:517-530. 

54. Leong JAC. Smith HS, Goodman HM. Viral RNA in the cytoplasm of SV40- 
transformod mouse cells: post-transcriptional processing. Virology 1976; 
71:355-360. 

.55. Boyer HW, Tait RC, McCarthy BJ, Goodman HM. Cloning of eukaryotic DNA as 
an approach to the analysis of chromosome structure and function. In: Genetic 
improvement of seed proteins (Proceedings of a Workshop, Washington, D.C., March 
18-20. 1974). Washington. DC: National Academy of Sciences, 1976:359-368. 

56. Betlach M. Hershfield V, Chow L. Brown W. Goodman HM, Boyer HW. A 
restriction endonuclease analysis of the bacterial plasmid controlling the EcoRI 
restriction and modification of DNA. Fed Proc 1976; 35:2037-2043. 

57. Friedrich R. Morris VL, Goodman HM, Bishop JM. Varmus HE. Differences 
between genomes of two strains of mouse mammary tumor virus as shown by 
partial RNA sequence analysis. Virology 1976; 72:330-340. 

58. Cordell B, Stavnezer E, Friedrich R, Bishop JM, Goodman HM. Nucleotide 
sequence that binds primer for DNA synthesis to the avian sarcoma virus genome. 
J Virol 1976; 19:548-558. 

59. Tait RC, Meagher RB. Goodman HM, Boyer HW. The production of proteins by 
bacterial plasmids containing eucaryotic DNA fragments. In: Nierlich DP, Rutter 
WJ. Fox CF, eds. Molecular mechanisms in the control of gene expression (ICN-UCLA 
Symposia on Molecular and Cellular Biology, 5). New York, NY Academic Press, 
1976:507-512. 

60. Brown WM. Watson RM, Vinograd J, Tait KM, Boyer HW, Goodman HM. The 
fidelity of replication of mouse mitochondrial DNA-pSClOl recombinant plasmids 
grown in E. coli K12. In: Nierlich DP, Rutter WJ, Fox CF, eds. Molecular 
mechanisms in the control of gene expression (ICN-UCLA Symposia on Molecular 
and Cellular Biology. 5). New York, NY: Academic Press, 1976:487-493. 

61. Rodriguez RL, Bolivar F, Goodman HM, Boyer HW, Betlach M. Construction and 
characterization of cloning vehicles. In: Nierlich DP, Rutter WJ, Fox CF, eds. 
Molecular mechanisms in the control of gene expression (ICN-UCLA Symposia on 
Molecular and Cellular Biology, 5). New York, NY: Academic Press, 1976:471-477. 

62. Dugaiczyk A, Tischer EG, Nasser D, Boyer HW, McCarthy BJ, Goodman HM. 
Cloning of Drosopliila melanogaster EcoRI DNA fragments. In: Nierlich DP, Rutter 
WJ, Fox CF, eds. Molecular mechanisms in the control of gene expression (ICN-UCLA 
Symposia on Molecular and Cellular Biology, 5). New York, NY: Academic Press, 
1976:543-552. 

63. O'Farrell PZ, Goodman HM. Resolution of simian virus 40 proteins in whole 

■ cell extracts by two-dimensional electrophoresis: heterogeneity of the major capsid 
protein. Cell 1976; 9:289-298. 

64. Heyneker HL. Shine J, Goodman HM. Boyer HW. Rosenberg J. Dickerson RE, 
Narang SA, Itakura K. Lin SY, Riggs AD, Synthetic lac operator DNA is functional in 
vivo. ^Nature 1976; 263:748- 752. 



Howard M. Goodman CV-7 



65. Shine J, Czernilofsky AP, Friedrich R, Bishop JM, Goodman HM. Nucleotide 
sequence at the 5' terminus of the avian sarcoma virus genome. Proc Natl Acad Sci 
USA 1977: 74:1473-1477. 



66. Goodman HM, Greene PJ, Garfin DE, Boyer HW. DNA site recognition by the 
EcoRI restriction endonuclease and modification methylase. In: Vogel HJ, ed. 
Nucleic acid - protein recognition. P & S Biomedical Sciences Symposia. New York, 
NY: Academic Press, 1977:239-259. 

67. Martial JA, Baxter JD, Goodman HM, Sceburg PH. Regulation of growth 
hormone messenger RNA by thyroid and glucocorticoid hormones. Proc Natl Acad 
Sci USA 1977; 74:1816-1820. 

68. Boyer HW, Betlach M, Bolivar F, Rodriguez RL, Heyneker HL, Shine J, Goodman 
HM. The construction of molecular cloning vehicles. In: Beers RF, Bassett EG, eds. 
Recombinant molecules: impact on science and society. New York, NY: Raven 
Press, 1977:9-20. 

69. Sugino A, Goodman HM, Heyneker HL, Shine J, Boyer HW, Cozzarelli NR. 
Interaction of bacteriophage T4 RNA and DNA ligases in the joining of duplex DNA 
at base-paired ends. J Biol Chem 1977; 252:3987-3994. 

70. Seeburg PH, Shine J, Martial JA, Ullrich A, Baxter JD, Goodman HM. Nucleotide 
sequence of part of the gene for human chorionic somatomammotropin: 
purification of DNA complementary to predominant mRNA species. Cell 1977; 
12:157-165. 

71. Ullrich A, Shine J, Chirgwin J, Pictet R, Tischer E, Rutter WJ, Goodman HM. 
Rat insulin genes: construction of plasmids containing the coding sequences. 
Science 1977; 196:1313-1319. 

72. Friedrich R, Kung HJ, Baker B, Varmus HE, Goodman HM, Bishop JM. 
Characterization of DNA complementary to nucleotide sequences at the 5'-terminus 
of the avian sarcoma virus genome. Virology 1977; 79:198- 215. 

73. Martial JA, Seeburg PH, Guenzi D, Goodman HM, Baxter JD. Regulation of 
growth hormone gene expression: synergistic effects of thyroid and glucocorticoid 
hormones. Proc Natl Acad Sci USA 1977; 74:4293-4295. 

74. O'Farrell PZ, Goodman HM, O'Farrell PH. High resolution two- dimensional 
electrophoresis of basic well as acidic proteins. Cell 1977; 12:1133-1142. 

75. Seeburg PH. Shine J, Martial JA. Baxter JD. Goodman HM. Nucleotide sequence 
and amplification in bacteria of structural gene for rat growth hormone. Nature 
1977; 270:486-494. 

76. . Shine J, Seeburg PH, Martial JA. Baxter JD, Goodman HM. Construction and 
analysis of recombinant DNA for human chorionic somatomammotropin. Nature 
1977; 270:494-499. 

77. Goodman HM. Olson MV. Hall BD. Nucleotide sequence of a mutant eukaryotic 
gene: the yeast tyrosine-inserting ochre suppressor SUP4-0. Proc Natl Acad Sci 
USA 1977; 74:5453-5457. 



Howard M. Goodman CV-8 



78. Seeburg PH, Shine J, Martial JA, Ullrich A. Goodman HM, Baxter JD. Nucleotide 
sequence of a human gene coding for a polypeptide hormone. Transactions of the 
Association of American Physicians. 1977; 90:109- 116. 

79. Brown WM, Shine J, Goodman HM. Human mitochondrial DNA: analysis of 7S 
DNA from the origin of replication. Proc Natl Acad Sci USA 1978; 75:735-739. 

80. Latham KR, MacLeod KM, Papavasiliou SS, Martial JA, Seeburg PH, Goodman 
HM, Baxter JD. Regulation of gene expression by thyroid hormones. In: 
Birnbaumer L, O'Malley B, eds. Receptors and hormone action, III. New York, NY: 
Academic Press, 1978:75-100. 

81. O'Farrell PZ, Cordell B, Valenzuela P, Rutler WJ, Goodman HM. Structure and 
processing of yeast precursor tRNAs containing intervening sequences. Nature 
1978; 274:438-445. 

82. Monson JM, Goodman HM. Translation of chick calvariai procollagen mRNAs 
by a- messenger RNA dependent reticulocyte lysate. Biochemistry 1978; 17:5122-5128. 

83. Seeburg PH, Shine J, Martial JA, Ivarie RD, Morris JA, Ullrich A, Baxter JD, 
Goodman HM. Synthesis of growth hormone by bacteria. Nature 1978; 276:795-798. 

T 

84. Cordell B, Swanstrom R, Goodman HM, Bishop JM. tRNA rp as primer for 
RNA-directed DNA polymerase: structural determinants of function. J Biol Chem 
1979; 254:1866-1874. 

85. Roberts JL, Seeburg PH, Shine J, Herbert E, Baxter JD, Goodman HM. 
Corticotropin and B-endorphin: construction and analysis of recombinant DNA 
complementary to mRNA for the common precursor. Proc Natl Acad Sci USA 1979; 
76:2153-2157. 

86. Goodman HM, Seeburg PH, Martial JA, Shine J, Ullrich A, Baxter JD. Structure 
and expression bacteria of growth hormone genes. In: Engberg J, Klenow H, Leick 
V, eds. Specific eukaryotic genes. Alfred Benzon Symposium, 13. Munksgaard; 
1979:179-190. 

87. Martial JA, Hallewell RA, Baxter JD, Goodman HM. Human growth hormone: 
complementary DNA cloning and expression in bacteria. Science 1979; 
205:602-607. 

88. Fiddes JC, Seeburg PH, DeNoto FM, Hallewell RA, Baxter JD, Goodman HM. 
Structure of genes for human growth hormone and chorionic somatomammotropin. 
Proc Natl Acad Sci USA 1979; 76:4294-4298. 

89. Cordell B, Bell G, Tischer E, DeNoto FM, Ullrich A, Pictet R, Rutter WJ, Goodman 
HM. Isolation and characterization of a cloned rat insulin gene. Cell 1979; 
18:533-543. 

90. Baxter JD, Eberhardt NL, Apriletti JW, Johnson LK, Ivarie RD, Schachter BS. 
Morris JA, Seeburg PH, Goodman HM, Latham KR, Polansky JR, Martial JA. Thyroid 
hormone receptors and responses. Rec Prog Horm Res 1979; 35:97-153. 



Howard M. Goodman CV-9 



91. Valenzuela P, Gray P, Quiroga M, Zaidivar J, Goodman HM, Rutter WJ. 
Nucleotide sequence of the gene coding for the major protein of hepatitis B virus 
surface antigen. Nature 1979; 280:815-819. 

92. Fiddes JC, Goodman HM. Isolation, cloning and sequence analysis of the cDNA 
for the '-subunit of human chorionic gonadotropin. Nature 1979; 281:351-356. 

93. Bell GI, Swain WF, Pictet R, Cordell B, Goodman HM, Rutter WJ. Nucleotide 
sequence of a cDNA clone encoding human preproinsulin. Nature 1979; 
282:525-527. 

94. Richards RI, Shine J, Ullrich A, Wells JRE, Goodman HM. Molecular cloning 
and sequence analysis of adult chicken B-globin cDNA. Nucl Acids Res 1979; 
7:1137-1146. 

95. Ullrich A, Shine J, Seeburg PH, Tischer E, Pictet RL, Cordell B, Bell GI, 
Chirgwin JM, Rutter WJ, Goodman HM. The structure and expression of the insulin 
gene. In: Baba S, Kaneko T, Yanihara N. Proinsulin, insulin, C-peptide. 
Amsterdam-Oxford: Excerpta Medica, 1979:20-26. 

96. Goodman HM, Hallewell RA, Martial JA, Baxter JD. Hormone genes: structure, 
evolution, and expression in bacteria. In: Mclntyre, Szelkejeds, eds. Molecular 
endocrinology. Elsevier/North Holland Biomedical Press, 1979:173-189. 

97. Brown WM, Goodman HM. Quantitation of intrapopulation variation by 
restriction endonuclease analysis of human mitochondrial DNA, In: Cummings J, 
Borst P, David JB, Weissman S, Fox CF, eds. ICN-UCLA Symposium: Proceedings on 
extra chromosomal DNA, 15. 1979:485-499. 

98. Baxter JD, Seeburg PH, Shine J, Martial JA, Ivarie RD, Johnson LK, Fiddes JC, 
Goodman HM. Structure of growth hormone gene sequences and their expression 
in bacteria and in cultured Cells. In: Sato G, Ross R, eds. Hormone and cell culture, 
6. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory, 1979:317-337. 

99. Bell GI, Pictet R, Rutter WJ, Cordell B, Tischer E, Goodman HM. Sequence of the 
human insulin gene. Nature 1980; 284:26-32. 

100. Goodman HM, MacDonald RJ. Cloning of hormone genes from a mixture of 
cDNA molecules. Methods in Enzmology 1979; 68:75-90. 

101. Martial JA, Seeburg PH, Matulich DT, Goodman HM, Baxter JD. Regulation of 
growth hormone messenger RNA. In: Baxter JD, Rousseau GG, eds. Glucocorticoid 
hormone action. Monographs on endocrinology. Vol. 12. New York: 
Springer-Verlag, 1979:279-289. 

102. Goodman HM, Cordell B, Bell GI, Pictet R, Tischer E, Rutter WJ. Structures of 
the genes encoding human and rat pre-proinsulins. In: WaldhausI WK, ed. 
Diabetes 1979, Procs. of the Tenth Congress of the International Diabetes Federation, 
International Congress Series No. 500. Amsterdam-Oxford-Princeton: Excerpta 
Medica, 1979:32-40. 

103. Goodman HM. Repair of overlapping DNA termini. Methods in Enzymology 
1980; 65:63-64. 



Howard M. Goodman CV-IO 



104. Graham FL. Bacchelti S. McKinnon R, Stanners CP, Cordell B, Goodman HM. 
Transformation of mammalian cells with DNA using the calcium technique. In: 
Introduction of macromolecules in viable mammalian cells. New York, NY: Alan R 
Liss. Inc.. 1980:3-25. 

105. Valenzuela P, O'Farrell PZ, Cordell B, Maynard T, Goodman HM, Ruller WJ. 
Yeast tRNA precursors: structure and removal of intervening sequences by an 
excision-ligase activity. In: Cold Spring Harbor Symposia, 45. Cold Spring Harbor, 
NY. 1980:191-208. 

106. Czernilofsky AP, De Lorbe W, Swanstrom R. Varmus HE, Bishop JM, Ti.scher E, 
Goodman HM. The nucleotide sequence of an untranslated but conserved domain at 
the 3' end of the avian sarcoma virus genome. NucI Acids Res 1980; 8:2967-2984. 

107. Fiddcs JC. Goodman HM. The cDNA for the B-subunit of human chorionic 
gonadotropin suggests evolution of a gene by readthrough into the 3'- untranslated 
region. Nature 1980; 286:684-687. 

108. Czernilofsky AP, Levinson AD, Varmus HE, Bishop JM, Tischer E, Goodman HM. 
Nucleotide sequence of an avian sarcoma virus oncogene (src) and proposed amino 
acid sequence for gene product. Nature 1980; 287:198- 203. 

109. Zambryski P, Holsters M, Kruger K, Depicker A. Schell J, Van Montagu M, 
Goodman HM. Tumor DNA structure in plant cells transformed by A. tiimefaciens. 
Science 1980; 209:1385-1391. 

110. De Lorbe WJ, Luciw PA, Goodman HM, Varmus HE, Bishop JM. Molecular 
cloning and characterization of avian sarcoma virus circular DNA molecules. J 
Virol 1980; 36:50-61. 

111. Cordell B, DeNoto FM, Atkins JF, Gesteland RF, Bishop JM, Goodman HM. The 
forms of tRNA^'^P found in avian sarcoma virus and uninfected chicken cells have 
structural identity but functional distinctions. J Biol Chem 1980; 255:9358-9368. 

112. Goodman HM. DeNoto F, Fiddes JC, Hallewell RA, Page GS, Smith S, Tischer E. 
Structure and evolution of growth hormone related genes. In: Scott WA, Werner R, 
Joseph DR. Schultz J, eds. Miami Winter Symposia, 17. 1980:155-179. 

113. Drouin J, Goodman HM. Most of the coding region of rat ACTHB-LPH precursor 
gene lacks intervening sequences. Nature 1980; 288:610-613. 

114. Cordell B, Lebo RV, Yu LC. Lau YF. Carrano AV, Goodman HM. Structure, 
evolution and expression of insulin genes. In: Cummings. Funder, Mendelsohn, 
eds. Sixth International Endocrinology Meetings, Amsterdam. Elsevier, North 
Holland. Biomed Press, 1980:377-381, 

115. Page GS, Smith S. Goodman HM. DNA sequence of the rat growth hormone 
gene:' location of the 5' terminus of the growth hormone mRNA and identification 
of an internal traiisposon-likc element. Nucl Acids Res 1981; 9:2087-2104. 

116. Edman JC. Hallewell RA. Valenzuela P. Goodman HM, Rutter WJ. Synthesis of 
hepatitis B surface and core antigens in E. coli. Nature 1981; 291:503-506. 



Howard M. Goodman CV-ll 



117. Fiddes JC, Goodman HM. The gene encoding the common alpha subunit of the 
four human glycoprotein hormones. J Mol AppI Genet 1981; 1:3-18. 

lis. Fiddes JC, Goodman HM. Structure of the human gonadotropin genes. In: 
Vogel HJ, Jagiello G, eds. Bioregulators of reproduction, P & S Biomedical Sciences 
Symposia. New York, NY: Academic Press, 1981:279- 304. 

119. DeNoto FM, Moore DD, Goodman HM. Human growth hormone DNA sequence 
and mRNA structure: possible alternative splicing. Nucl Acids Res 1981; 
9:3719-3730. 

120. Halleweil RA, Goodman HM. Construction and properties of plasmid vectors 
containing the t r p regulatory region suitable for expressing foreign genes. In: 
Levy SB, Clowes RC, Koenig EL, eds. Molecular biology, pathogenicity, and ecology 
of bacterial plasmids. New York, NY: Plenum Press, 1981:421-428. 

121. Rotwein P, Chyn R, Chirgwin J, Cordell B, Goodman HM, Permutt MA. 
Polymorphism in the 5'-flanking region of the human insulin gene and its possible 
relation to type 2 diabetes. Science 1981; 213:1117- 1120. 

122. Vennstrom B, Moscovici C, Goodman HM, Bishop JM. Molecular cloning of the 
avian myelocytomatosis virus genome and recovery of infectious virus by 
transfection of chicken cells. J Virol 1981; 39:625-631. 

123. Lebo RV, Kan YW, Cheung MC, Carrano AV, Yu LC, Chang JC, Cordell B, 
Goodman HM. Assigning the polymorphic human insulin gene to the short arm of 
chromosome 11 by chromosome sorting. Hum Genet 1982; 60:10-15. 

124. Moore DD, Walker MD, Diamond DJ, Conkling MA, Goodman HM. Structure, 
expression, and evolution of growth hormone genes. Rec Prog Horm Res 1982; 
38:197-225. 

125. Zambryski P, Depicker A, Kruger K, Goodman HM. Tumor induction by 
Agrobacterium tumefaciens: analysis of the boundaries of T-DNA. J Mol Appl Genet 
1982; 1:361-370. 

126. Cordell B, Goodman HM. Evolution of the mammalian insulin gene. In: 
Winnacker E, Schoene HH, eds. Genes and tumor genes. New York, NY: Raven Press, 
1982:1 15-1 19. 

127. Goodman HM, Berg P, Clark S, Cordell B, Diamond D, Nguyen-Huu C, Kan YW, 
Lebo RV. Structure, evolution, and expression of mammalian insulin genes. In: 
Schmitt FO, Bird SJ, Bloom FE, eds. Molecular genetic neuroscience. New York, NY: 
Raven Press, 1982:103-115. 

128. Moore DD, Conkling MA, Goodman HM. Human growth hormone: a multigene 
family. Cell 1982; 29:285-286. 

129. Depicker A, Stachel S, Dhaese P, Zambryski P, Goodman HM. Nopaline 
synthase: transcript mapping and DNA sequence. J Mol Appl Genet 1982; 1:561-573. 

130. Kushner PJ, Levinson BB, Goodman HM. A plasmid that replicates in both 
mouse and E. coli cells. J Mol Appl Genet 1982; 1:527- 538. 



Howard M. Goodman CV-12 



131. Cordell B, Diamond D, Smith S. Punter J, Schoene HH. Goodman HM. 
Disproportionate expression of the two nonallelic rat insulin genes in a pancreatic 
tumor is due to translational control. Cell 1982; 31:531-542. 

132. Schell J, van Montagu M, Holsters M, Hernalsteens JP, Leemans J, de Greve H, 
Shaw Ch, Zambryski P, Goodman HM, Willmitzer L, Otten L, Schroeder G. In: Kahl, 
Schell, eds. Tumours as a result of gene transfer in plants. Molecular biology of 
plant tumors. New York, NY: Academic Press, 1982:498-514. 

133. Zambryski P, Goodman HM, Van Montagu M, Schell J. Agrobacterium tumor 
induction. In: Shapiro JA, ed. Mobile genetic elements. New York, NY: Academic 
Press, 1983:505-535. 

134. Czernilofsky AP, Levinson AD, Varmus HE, Bishop JM, Tischer E, Goodman H. 
Corrections to the nucleotide sequence of the src gene of Rous sarcoma virus. 
Nature 1983; 301:736-738. 

135. Rotwein PS, Chirgwin J, Province M, Knowler WC, Pettitt DJ, Cordell B, 
Goodman HM, Permutt MA. Polymorphism in the 5' flanking region of the human 
insulin gene: a genetic marker for non-insulin- dependent diabetes. N Engl J Med 
1983; 308:65-71. 

136. Lebo RV, Chakravarti A, Buetow KH, Cheung MC, Cann H, Cordell B, Goodman 
H. Recombination within and between the human insulin and 6- globin gene loci. 
Proc Natl Acad Sci USA 1983; 80:4808-4812. 

137. Moore DD, Fiddes JC, Hallewell RA, Conkling MA, De Noto FM, Goodman HM. 
Multiple growth hormone genes are linked. II. In: The human genome in 
recombinant DNA technology in medical research. Japan Medical Foundation, 17. 
Tokyo: Japan Medical Foundation, 1983:17-32. 

138. Naylor SL, Chin WW, Goodman HM, Lalley PA, Grzeschik KH, Sakaguchi AY. 
Chromosome assignment of genes encoding the " and 6 subunits of glycoprotein 
hormones in man and mouse. Somatic Cell Genet 1983; 9:757-770. 

139. He L, Isselbacher KJ, Wands JR, Goodman HM, Shih C, Quaroni A. 
Establishment and characterization of a new human hepatocellular carcinoma cell 
line. In Vitro 1984; 20:493-504. 

140. Donn G, Tischer E, Smith JA, Goodman HM. Herbicide-resistant alfalfa cells: 
an example of gene amplification in plants. J Mol AppI Genet 1984; 2:621-635. 

141. Diamond DJ, Goodman HM. Regulation of growth hormone messenger RNA 
synthesis by dexamethasone and triiodothyronine: transcriptional rate and mRNA 
stability changes in pituitary tumor cells. J Mol Biol 1985; 181:41-62. 

142. Moore DD, Marks AR, Buckley DI, Kapler G, Payvar F, Goodman HM. The first 
intron of the human growth hormone gene contains a binding site for 
glucocorticoid receptor. Proc Natl Acad Sci USA 1985; 82:699-702. 

143. Server AC, Smith JA, Waxham MN, Wolinsky JS, Goodman HM. Purification 
and amino-terminal protein sequence analysis of the mumps virus fusion protein. 
Virology 1985; 144:373-383. 



Howard M. Goodman CV-13 



144. Alexander M, Curtis G, Avruch J, Goodman HM, Insulin regulation of protein 
biosynthesis in differentiated 3T3 adipocytes. J Biol Chem 1985; 260:11978-11985. 



145. Brem G, Brenig B, Goodman HM, Selden RC, Graf F, Kruff B. Springman K, 
Hondele J, Meyer J, Winnacker EL, KrauBlich. Production of transgenic mice, 
rabbits and pigs by microinjection into pronuclei. Zuchmthygiene. 1985; 
20:251-252. 

146. DasSanna S, Tischer E, Goodman HM. Plant glutamine syntheta.se 
complements a glnA mutation in Escherichia coli. Science 1986; 232:1242-1244. 

147. Page G, Salvato M, Goodman HM, In vitro transcription of RU, a middle 
repetitive element of the rat genome. Nucl Acids Res 1986; 14:899-914. 

148. Selden RF, Skoskiewicz MJ, Burke Howie K, Russell PS, Goodman HM. 
Regulation of human insulin gene expression in transgenic mice. Nature 1986; 
321:525-528. 

149. Tischer E, DasSarma S, Peterman TK, Goodman HM. Nucleotide sequence of an 
alfalfa glutamine synthetase gene. Mol Gen Genet 1986; 203:221- 229. 

150. Marks AR, Moore DD, Buckley DI, Gametchu B, Goodman HM. Conservation of 
the DNA binding domain and other properties between porcine and rat 
glucocorticoid receptors. J Steroid Biochem 1986; 24:1097-1103. 

151. Cheng C, Dewdney J, Kleinhofs A, Goodman HM. Cloning and nitrate induction 
of nitrate reductase mRNA. Proc Natl Acad Sci USA 1986; 83:6825-6828. 

152. Comb M, Birnberg NC, Seasholtz A, Herbert E, Goodman HM. A cyclic AMP- and 
phorbol ester-inducible DNA element. Nature 1986; 323:353-356. 

153. Shih M-C, Lazar G, Goodman HM. Evidence in favor of the symbiotic origin of 
chloroplasts: primary structure and evolution of tobacco 
glyceraldehyde-3-phosphate dehydrogenases. Cell 1986; 47:73-80. 

154. Alexander M, Goodman HM. Regulation of glyceraldehyde-3-phosphate 
dehydrogenase biosynthesis in differentiated 3T3 adipocytes. In: Belfrage P, 
Donner J, Stralfors P, eds. Mechanisms of insulin action. Elsevier Science 
Publishers (Biomedical Division), 1986:395-404. 

155. Moore DD, Selden RF, Prost E, Ory DS, Goodman HM. The human growth 
hormone gene family. In: Habener J, ed. Molecular cloning of hormone genes. 
Clifton, NJ: Humana Press, 1986:121-135. 

156. Selden RF, Burke Howie K, Rowe ME, Goodman HM, Moore DD. Human growth 
hormone as a reporter gene in regulation studies employing transient gene 
expression. Mol Cell Biol 1986;6:3173-3179. 

157. Selden RF, Skoskievicz MJ, Howie KB, Russell PS, Goodman HM, Implantation 
- of genetically engineered fibroblasts into mice: implications for gene therapy. 

Science 1987; 236:714-718. 

158. Toth I, Lazar G, Goodman HM. Purification and immunochemical 
characterization of a dihydrofolate reductase - thymidylate synthase enzyme 
complex from wild-carrot cells. EMBO J 1987; 6:1853-1858. 



Howard M. Goodman CV-14 



159. Waxham MN, Server AC, Goodman HM, Wolinsky JS. Cloning and sequencing 
of the mumps virus fusion protein gene. J Virol 1987; 159:381-388. 

160. Pfitzner UM, Goodman HM. Isolation and characterization of cDNA clones 
encoding pathogenesis-related proteins from tobacco mosaic virus infected tobacco 
plants. Nucl Acids Res 1987; 15:4449-4465. 

161. Shih C, Burke K, Chou M-J, Zeldis JB, Yang C-S, Lee C-S, Isselbacher KJ, Wands 
JR, Goodman HM. Tight clustering of human hepatitis B virus integration sites in 
hepatomas near a triple-stranded region. Virology 1987; 61:3491-3498. 

162. Selden RF, Skoskiewicz MJ, Russell PS, Goodman HM. Regulation of 
insulin-gene expression. New Engl J Med 1987; 317:1067-1076. 

163. Comb M, Hyman SE, Goodman HM. Mechanisms of trans-synaptic regulation 
of gene expression. TINS 1987; 10:473-478. 

164. Grove JR, Price DJ, Goodman HM, Avruch J. Recombinant fragment of protein 
kinase inhibitor blocks cyclic AMP-dependent gene transcription. Science 1987; 
238:530-533 

165. Schalling M, Dagerlind A, Brene S, Petterson R, Kvist S, Brownstein M, Hyman 
SE, Mucke L, Goodman HM, Joh TH, Goldstein M, Hokfelt T. Localization of mRNA for 
phenylethanolamine N-methyltransferase (PNMT) using in situ hybridization. 
Acta Physiol Scand 1987; 131:631-632. 

166. Dunn K, Dickstein R, Feinbaum R, Burnett BK, Peterman TK, Thoidis G, 
Goodman HM, Ausubel FM. Developmental regulation of nodule-specific genes in 
alfalfa root nodules. Molecular Plant-Microbe Interactions 1988; 1:66-74. 

167. Waxham NM, Aronowski J, Server AC, Wolinsky JS, Smith JA, Goodman HM. 
Sequence determination of the mumps virus HN gene. Virology 1988; 164:318-325. 

168. Pfitzner UM, Pfitzner AJP, Goodman HM. DNA sequence analysis of a PR- la 
gene from tobacco; molecular relationship of heat shock and pathogen responses in 
plants. Mol Gen Genet 1988; 211:290-295. 

169. Shih M-C, Goodman HM. Differential light regulated expression of nuclear 
genes encoding chloroplast and cytosolic glyceraldehyde-3- phosphate 
dehydrogenase in Nicotiana tabacum EMBO J 1988; 7:893-898. 

170. Cheng C-L, Dewdney J, Nam H-G, den Boer BGW, Goodman HM. A new locus 
(NIAl) in Arabidopsis thaliana encoding nitrate reductase. EMBO J 1988; 
7:3309-3314. 

171. Hyman SE, Comb M, Lin Y-S, Pearlberg J, Green MR, Goodman HM. A common 
trans-acting factor is involved in transcriptional regulation of neurotransmitter 
genes by cyclic AMP. Mol Cell Biol 1988; 8:4225-4233. 

172. Comb M, Mermod N, Hyman SE, Pearlberg J, Ross ME, Goodman HM. Proteins 
bound at adjacent DNA elements act synergistically to regulate human 
proenkephalin cAMP inducible transcription. EMBO J 1988; 12:3793- 3805. 



Howard M. Goodman CV-15 



173. Shih M-C, Heinrich P, Goodman HM. Intron existence predated the 
divergence of eukaryotes and prokaryotes. Science 1988; 242:1164- 1166. 

174. Seiden RF, Wagner TE, Blethen S. Yun JS, Rowe ME, Goodman HM. Expression 
of the human growth hormone variant gene in cultured fibroblasts and transgenic 
mice. Proc Natl Acad Sci USA 1988; 85:8241-8245. 

175. Hyman SB, Comb M. Pearlberg J, Goodman HM. An AP-2 clement acts 
synergistically with the cyclic AMP and phorbol ester-inducible enhancer of the 
human proenkephalin gene. Mo! Cell Biol 1989; 9: 321- 324. 

176. Nam H-G, Giraudat J, den Boer B, Hauge B, Loos W, Moonan F, Goodman HM. 
Restriction fragment length polymorphism linkage map of Arahidopsis thalianii. 
The Plant Cell 1989; 1: 699-705. 

177. Van Der Straeten D, Wiemeersch L-V, Goodman HM, Van Montagu M. 
Purification and partial characterization of 1 -aminocyclopropane- 1 - carboxylic 
acid synthase from tomato pericarp. Eur J Biochem 1989, 182: 639-647. 

178. Seiden RF, Yun JS, Moore DD, Rowe ME, Malia M, Wagner TE, Goodman HM. 
Glucocorticoid regulation of human growth hormone expression in transgenic 
mice and transiently transfected cells. J Endocrinol 1989; 122: 49-60. 

179. Lazar G, Toth I, Dudits D, Haakonsen L, Goodman HM. Coregulation of 
dihydrofolate reductase and thymidyiate synthase in overproducer ceil lines of wild 
carrot. Plant Physiol 1989; 91: 1168-1173. 

180. Schuiz A, Wengenmayer F, Goodman HM. Genetic engineering of herbicide 
resistance in higher plants. Plant Science 1990; 9: 1-15. 

181. Ross ME, Evinger M, Hyman S, Carroll J, Mucke L, Comb M. Reis D, Joh T, 
Goodman HM. Identification of a functional glucocorticoid response element in the 
phenylethanolamine N-Methyltransferase promoter using fusion genes introduced 
into chromaffin cells in primary culture. Journal of Neuroscience 1990; 10: 
520-530. 

182. Pfitzner A, Pfitzner U, Goodman HM. Nucleotide sequences of two PR- 1 
pseudogenes from Nicotiana tabacum cv. Wisconsin 38. Nucleic Acids Research 
1990; 18: 3404. 

183. Van Der Straten, Wiemeersch L, Goodman HM, Van Montagu M. Cloning and 
sequence of two different cDNAs encoding 1-aminocycloropane-l- carboxylate 
synthase in tomato. Proc. Natl. Acad. Sci. 1990; 87: 4859- 4863. 

184. Conkling, MA, Cheng, C-1, Yamamoto, YT, Goodman, HM. Isolation of 
transcriptionally regulated root-specific genes from tobacco. Plant Physiology 
1990; 93: 1203-121 1. 

185. Pfitzner A, Beilman A, Goodman HM, Pfitzner U. Molecular analysis of two 
PR-1 pseudogenes from tabacco. Plant Molecular Biology 1991; 16: 129-139. 

186. Cheng C-l, Acedo G, Dewdney J, Goodman HM, Conkling M. Differential 
expression of the two Arahidopsis nitrate reductase genes. Plant Physiol. 1991; 96: 
275-279. 



Howard M. Goodman CV-16 



187. Richards E, Goodman HM, Ausubel FM. The centromere region of Arabidopsis 
thaliana chromosome 1 contains teiomere-similar sequences. Nucleic Acids 
Research 1991; 19: 3351-3357. 

188. Van Der Straeten D, Rodrigues-Pousada R, Goodman HM, Van Montagu M. 
Plant Enolase: Gene structure, expression, and evolution. The Plant Cell 1991; 3: 
719-735. 

189. Beilmann A, Pfitzner A, Goodman HM, Pfitzner U. Functional analysis of the 
pathogenesis-related la protein gene minimal promoter region. Eur. J. Biochem. 
1991: 415-421. 

190. Zhang H, Goodman HM. Isolation, characterization, and chromosomal location 
of a new cab gene from Arabidopsis tlialiana. Plant Physiol. 1991; 96: 1387-1388. 

191. Carroll J, Kim K-S, Kim K-T, Goodman HM, Joh T. Effects of second messenger 
system activation on functional expression of tyrosine hydroxylase fusion gene 
constructs in neuronal and nonneuronal cells. J Mol. Neurosci. 1991; 3: 65-74. 

192. Carroll J, Evinger M, Goodman HM, Joh T. Differential and coordinate 
regulation of TH and PNMT mRNAs in chromaffin cell cultures by second 
messenger system activation and steroid treatment. J Mol. Neurosci. 1991; 3: 75-83. 

193. Shih M-C, Heinrich P, Goodman HM. Cloning and chromosomal mapping of 
nuclear genes encoding chloroplast and cytosolic glyceraldehyde-3- 
phosphate-dehydrogenase from Arabidopsis thaliana. Gene 1991; 104: 133-138. 

194. Peterman K, Goodman HM. The glutamine synthetase gene family of 
Arabidopsis thaliana: light regulation and differential expression in leaves, roots 
and seeds. Mol Gen Genet. 1991; 230: 145- 154. 

195. Hwang I, Kohchi T, Hauge B, Goodman HM, et. al. Identification and map 
position of YAC clones comprising one-third of the Arabidopsis genome. The Plant 
Journal 1991; 1: 367-374. 

196. Hauge B, Giraudat J, Hanley S, Hwang I, Kohchi T, Goodman HM. Physical 
mapping of the Arabidopsis genome and its applications. In: Plant Molecular 
Biology. Plenum Press, ed., R.G. Herrman; 1991. 

197. Hauge B, Hanley S, Giraudat J, Goodman HM. Mapping the Arabidopsis 
genome. In: Jenkins G, ed. Molecular Biology of Plant Development. Great Britain: 
Society for Experimental Biology, 1991: 45-56. 

198. Sun T-P, Goodman HM, Ausubel FM. Cloning the Aracidopsis GAl locus by 
genomic subtraction. The Plant Cell 1992; 4: 119-128. 

199. Shirley BW, Hanley S, Goodman HM. Effects of ionizing radiation on a plant 
genome: Analysis of two Arabidopsis transparent testa mutations. The Plant Cell 
1992; 4: 333-347. 

200. Hauge B, Goodman HM. Physical mapping by random clone analysis. In: Plant 
Genomes: Methods for Genetic and Physical Mapping. Kluwer eds. T. Osborn and J.S. 
Beckmann 1992; 101-139. 



Howard M. Goodman CV-17 



201. Kubasek WL, Shirley BW, Mckiliop A, Goodman HM, Briggs W, Ausubel 
FM. Regulation of Arabidopsis flavonoid biosynthetic genes by a developmental 
clock. The Plant Cell 1992; 4: 1229-1236. 

202. Giraudat J, Hauge BM, Valon C, Smalle J, Parcy F, Goodman HM. Isolation 
of the Arabidopsis thaliana AB13 (Abscisic acid- insensitive) gene by positional 
cloning. The Plant Cell 1992; 4:1251-1261. 

203. Shih M-C, Heinrich P, Goodman HM. Cloning and chromosomal mapping 
of nuclear genes encoding chloroplast and cystolic glyceraldehyde-3-phosphate- 
dehydrogenase from Arabidopsis tludiana. Corrigendum in Gene 1992;119:317-3 19. 

204. Zhang H, Scheirer D, Fowie W, Goodman HM. Expression of Antisense or 
sense RNA of an ankyrin repeat-containing gene blocks chloroplast differentiation 
m Arabidopsis . The Plant Cell 1992; 4: 1575-1588. 

205. Arondel V, Lemieux B, Hwang I, Gibson S, Goodman HM, Somerville C. 
Map- based cloning of a gene controlling oinega-3 fatty acid desaturation in 
Arabidopsis. Science 1992;258:1353-1355. 

206. Van Der Straeten D, Rodrigues-Pousada RA, Villarroel R, Hanley S, 
Goodman HM, Van Montagu M. Cloning, genetic mapping and expression analysis of 
an Arabidopsis thaliana gene that encodes l-aminocyclopropane-l-carboxylate 
synthase. PNAS 1992; 89: 9969-9973. 

207. Cherry JM, Cartinhour SW, Goodman HM. AAtDB, An Arabidopsis 
thaliana Database. Plant Mol Biol Reporter 1992; 10: 308. 

208. Hauge B, Goodman HM. Genome mapping in Arabidopsis. In: Methods In 
Arabidopsis Research. World Scientific, eds. C Koncz, N-H Chua and J Schell. 1992; 
191-223. 

209. Lazar G, Zhang H, Goodman HM. The origin of the bifunctional 
dihydrofolate reductase-thymidylate synthase isogenes of Arabidopsis thaliana. 
The Plant Journal 1993; 3:657-668. 

210. Hauge B, Hanley S, Cartinhour, Cherry J, Goodman HM, Koorneef M, Stam 
P, Chang C, Kepmin S, Medrano L, Meyerowitz E. An integrated genetic/RFLP map 
of the Arabidopsis thaliana genome. The Plant Journal 1993; 3: 745-754. 

211. Hwang I, Goodman HM. Cloning of an Arabidopsis ribosomal protein 
S28 cDNA. Plant Physiology 1993; 102: 1357-1358. 

212. Goodman HM, Hanley S, Cartinhour S, Cherry JM, Hauge B, Meyerowitz E, 
Medrano L, Kempin S, Stamm P, Koornneef M. An integrated RFLP map of 
Arabidopsis thaliana. In: DNA-Based Markers in Plants: Kluwer eds. RL Phillips and 
IK Vasil. 1993. 

213. Koorneef M, Chang C, Goodman HM, Hanley S, Cartinhour S, Cherry JM, 
Hauge BM, Kempin S, Medrano L, Meyerowitz EM, Stam P. Linkage map of 
Arabidopsis thaliana 2N=10. In: Genetic Maps: Locus Maps of Complex Genomes. Cold 
Spring Harbor Laboratory Press 1993, ed. Stephen J. O'Brien. 



Howard M. Goodman CV-18 



214. Valon C, Smalle J, Goodman HM, Giraudat J. Characterization of an 
Arahidopsis thaliana gene (TMKLl) encoding a putative transmembrane protein 
with an unusual kinase-like domain. Plant Molecular Biology 1993; 23: 415-421. 

215. Shirley B, Goodman HM. An Arahidopsis gene homologous to 
mammalian and insect genes encoding the largest protease subunit. Mol. Gen. Genet. 
1993; 241: 586-594. 

216. Dewdney J, Conley T, Shih M-C, Goodman HM. Effects of blue and red 
light on expression of nuclear genes encoding chloroplast glyceraldehydc-3- 
phosphate dehydrogenase of Arahidopsis thaliana Plant Physiology 1993; 103: 

I 115-1121. 

217. Wang J, Zhang H, Goodman HM. An Arahidopsis cab gene homologous to 
Cah-S of Tomato. Plant Physiol. 1994; 104: 297. 

218. Kwon H-B, Park S-C, Peng H-P, Goodman HM, Dewdney J, Shih M-C. 
Identification of a light-responsive region of the nuclear gene encoding the B 
subunit of chloroplast glyceraldehyde 3-phosphate dehydrogenase from 
Arahidopsis thaliana. Plant Physiol. 1994; 105: 357-367. 

219. Zhang H,Wang J, Goodman HM. Differential expression in Arahidopsis of 
Lhcal, a PSI cab gene. Plant Molecular Biology 1994; 25: 551-557. 

220. Zhang H, Wang J, Goodman HM. Expression of the Arahidopsis gene Akr 
coincides with chloroplast development. Plant Physiol. 1994; 106: 1261-1267. 

221. Chiang H-H, Hwang I, Goodman HM. Isolation of the Arahidopsis GA4 
locus. The Plant Cell 1995; 7: 195-201. 

222. Hwang I, Goodman HM. An Arahidopsis thaliana root-specific kinase 
homolog is induced by dehydration, ABA, and NaCI. The Plant Journal 1995; 8: 37-43. 

223. Tague B, Goodman HM. Characterization of a family of Arahidopsis Zinc 
finger protein cDNAs. Plant Molecular Biology 1995; 28: 267-279. 

224. Zhang H, Wang J, Hwang I, Goodman HM. Isolation and expression of an 
Arahidopsis 14-3-3-like protein gene. Biochimicia et Biophysica Acta, 1995; 113-116. 

225. Lazar G, Schall T, Maniatis T, Goodman HM. Identification of a plant 
serine-arginine-rich protein similar to the mammalian splicing factor SF2/ASF. 
Proc.Natl.Sci.USA. 1995; 92: 7672-7676. 

226. Shirley B, Kubasek W, Storz G, Bruggemann E, Koornneef M, Ausubel FM, 
Goodman HM. Analysis of Arahidopsis mutants deficient in flavonoid biosynthesis. 
The Plant Journal 1995; 8: 659-671. 

227". Goodman HM, Ecker J, Dean C. The genome of Arahidopsis thaliana. 
Proc.Natl. Acad. Sci. USA 1995; 92: 10831-10835. 

228. Zachgo E, Wang M-L, Dewdney J, Bouchez D, Camilleri C, Belmonte S, 
Huang L, Dolan M, Goodman HM. A physical map of Chromosome 2 of Arahidopsis 
thaliana. Genome Research 1996; 6: 19-25. 



Howard M. Goodman CV-19 



229. Wright D, Ke N, Smalle J, Hauge B, Goodman HM, Voytas D. Multiple Non- 
LTR retrotransposons in the genome of Arabidopsis r/ialiana. Genetics 1996; 142: 
569-578. 

230. Tague B, Gallant P, Goodman HM. Expression analysis of an Arabidopsis 
C2H2 zinc finger protein gene. Plant Molecular Biology 1997; 32: 785-796. 

231. Zhang H, Wang J, Nickel U, Allen R, Goodman HM. Cloning expression of 
an Arabidopsis gene encoding a putative peroxisomal ascorbate peroxidase. Plant 
Molecular Biology 1997; 34: 967-971. 

232. Wang M-L, Huang L, Bongard-Pierce D, Belmonte S. Zachgo E, Morris J, 
Dolan M, Goodman, HM. Construction of an ~2Mb contig in the region around 80 cM 
of Arabidopsis thaliana chromosome 2. The Plant Journal 1997; 12: 711-730. 

233. Zhang H, Wang J, Goodman HM. An Arabidopsis I4-3-3-interacting 
protein: caffeic acid/5-hydroxylferulic acid O-methyltransferase. Biochim. 
Biophy. Acta 1997; 1353: 199-202. 

234. Zhang H, Goodman HM, Jansson S. Anti-sense inhibition of the 
photosystem I antenna protein Lhca4 in Arabidopsis thaliana. Plant Physiol. 1997; 
115: 1525-1531. 

235. Finkelstein RR, Wang ML, Lynch TJ, Shashirekha R. Goodman HM. 
Positional cloning of the Arabidopsis ABA response locus ABM identifies a new 
member of the AP2 domain family. Plant Cell. 1998 (In Press). 

236. Jackson SA, Wang ML, Goodman HM, Jiang J. Application of fiber-FISH 
in genome analysis of Arabidopsis thaliana. Genome. 1998 (In Press). 

237. Stammers M, Schmidt R, Goodman HM, Edwards K, Dean C. 
Recombination profile within a 2.7Mb region of the long arm of Arabidopsis 
chromosome 4. Submitted to Nuc.Acid Res. 



Howard M. Goodman CV-20 



TRANSKARYOTIC IMPLAKTATION 



FIELD OF THE INVENTION 

This invention relates to a technique for altering 
the level of gene expression which involves the intro- 
duction of a genetically engineered cell into a recipi- 
ent individual. The invention further relates to 
compounds, especially antibodies, produced by such 
cells, and to the uses of such ^compounds. 

BACKGROUND ART 

Diseases which are inherited from an individual's 
parents are known as genetic diseases. At least 1,500 
distinguishable human diseases are already known to be 
genetically determined (McKusick, V.A. , Mendel ian 
Inheritance in Man (Johns Hopkins Press, Baltimore, 
3rd. Ed. , 1971) . The specific molecular basis for most 
of these diseases is not yet understood; however, in 
many cases the basis of the disease has been determined 
to be a specific enzyme deficiency (McKusick, V.A., Ann 
Rev. Genet . 4:1 (1970)). 



-2- 

At present, no wholly acceptable method of gene 
therapy is known. Human genetic diseases are usually 
treated either by dietary therapy (such as the avoid- 
ance of phenylalanine by individuals who suffer from 
phenylketonuria) , by drug therapy (such as the use of 
inhibitors of the enzyme xanthine oxidase (i.e., 
allopurinol) , to reduce the accumulation of uric acid 
associated with gout and Lesch-Nyhan ■ syndrome) , or 
through gene product replacement therapy (such as by 
administering factor VIII to individuals who suffer 
from hemophilia) . 

Unfortunately, many genetic diseases do not yet 
respond to any of the above treatments. For example, 
genetic disorders of amino acid metabolism cannot 
generally be well controlled by dietary therapy. 
Storage diseases associated with lysosomal enzyme 
deficiencies have not thus far been found to respond to 
enzyme therapy. In addition, even where a disease may 
be controlled through any of the above methods, disease 
management is seldom perfect, j 

In response to the deficiencies of the above 
techniques, investigators have attempted to apply 
recombinant DNA technology to the treatment of genetic 
diseases. Such gene therapy can be broadly defined as 
a medical/surgical intervention in which the genome of 
the patient is purposely altered to ameliorate a 
pathophysiologic condition, and as such the term can be 
sub-divided into germ line and somatic cell gene 
therapy. Based on both ethical and practical criteria, 
it is not feasible to attempt germ-line gene therapy on 
human subjects. From an ethical perspective, modifying 
the germ line would change, albeit slightly, subsequent 
generations of humans, with the longterm effects not 
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entirely predictable. Somatic cell gene therapy, in 
contrast, would only affect the individual subjected to 
the therapy, and the new gene would not enter the gene 
pool. From a practical perspective, germ line gene 
transfer is relatively inefficient, the fate of the 
injected genes cannot be predicted, and, perhaps most 
importantly, with few exception it would not be possi- 
ble to determine the future phenotype (with respect to 
a given disease) of a single cell or early cleavage 
embryo . 

Somatic cell gene therapy, however, does seem to 
be a reasonable approach to the treatment and cure of 
certain disorders in human beings. In a somatic cell 
gene delivery system, cells from the patient are 
removed, cultured in vitro , transfected, and reimplant- 
ed. Modifications of this basic scheme include, but 
are not limited to, choices of the cell type and cell 
donor (not necessarily the patient) , the transfection 
protocol, and the site of reimplantation. 

Several techniques have thus far been developed 
which offer promise as means for delivering DNA into an 
individual. A well-described technique involves 
retroviral vectors (Varmus, H. , et al . , in: RNA Tumor 
Viruses . Weiss et al . . Eds. (Cold Spring Harbor Labora- 
tory, New York, 1982); Varmus, H. , Science 216:812 

(1982) ; Risser, R. , et al . . Ann. Rev. Genet . 17:85 

(1983) ). In this approach, a particular gene is 
inserted into a retrovirus which is then introduced 
into an individual. Retroviruses store their genetic 
information in RNA, and, on entering a cell, reverse 
transcribe (hence the name "retro") this information 
into DNA, which can then become integrated and ex- 
pressed in the host cell's genome. In practice, a 
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recombinant retrovirus containing the gene of interest 
and a portion of the retroviral genome (some retroviral 
genes are removed so that the virus cannot replicate) 
is constructed using genetic engineering methodologies. 
This artificial virus is utilized to infect marrow 
cells in vitro , and these cells are injected intra- 
venously into lethally irradiated recipient mice, where 
they ultimately make their way to the marrow and 
spleen. Using this approach, genes encoding neomycin 
phosphotransferase (Williams, D.A. , et al. . Nature , 
310 : 476-481 (1984)), adenosine deaminase (Williams, 
D.A., et al. , Proc. Natl. Acad. Sc. USA , 83:2566-2570 
(1986)), and hypoxanthine phosphoribosyltransf erase 
(Miller, A.D, et al. . Science 225 :630-632 (1984)) have 
been expressed in mice. 

In the past few years, it has become apparent that 
the implementation of retroviral based gene delivery 
systems in humans will face major obstacles, primarily 
related to properties of retroviruses themselves 
(Robertson, M. , Nature 320 ;213-;214 (1986), Marx, J.L., 
Science 232 : 824-825 (1986)). ' First, it has not been 
generally possible to achieve expression of mammalian 
genes in the retroviral vectors used to infect human 
cells, and until this problem is solved, the issue of 
regulated gene expression cannot be addressed. Second, 
when retroviruses are used to infect marrow cells in 
batch, essentially every cell is infected, and the site 
of retroviral integration into the host's genome varies 
from cell to cell. Since the infected cells are not 
characterized before reintroduction, the possibility of 
a deleterious intergration event cannot be eliminated. 
Third, as recombination between the replication- 
deficient retroviruses utilized for the infection and 
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the endogenous retroviruses present in inammalian 
genomes is known to occur (Hock, R.A. et al . . Nature 
320 : 275-277 (1986)), there is the potential of initia- 
ting a chronic retroviral infection in the host animal. 
Fourth, marrow is probably not the optimal site of 
expression for many (if not most) genes of therapeutic 
import. 

An alternative approach for gene therapy involves 
introducing DNA into a cell by chemical, as opposed to 
viral, techniques. In this approach, DNA is introduced 
into a recipient call by calcium phosphate-mediated 
transfection. In general, the recipient cells are 
first removed from an individual and incubated in the 
presence of a DNA solution containing the gene whose 
introduction is desired. After the gene has been 
introduced into the cell, the cell is returned to the 
individual. At present, the only cells which may be 
removed from an individual, treated, and subsequently 
reintroduced are bone marrow stem cells and skin 
fibroblasts (Anderson, W.F.^, Science 226 :401-409 
(1984)). Cline, M.J., et al . ( Nature 284 :422 (1982)) 
disclosed the successful transfer of a functional 
dihydrofolate reductase gene into the bone marrow of 
mice. 

Present chemical techniques suffer from substan- 
tial drawback of low efficiency. Transfection has been 
found to occur in only one of 10^ or 10^ cells. Thus, 
since only approximately 10^ or 10^ cells may be 
routinely obtained from an individual by bone marrow 
transplantation, the chemical technique would mean that 
10 to 100 stem cells would be transfected. In addi- 
tion, the difficulty of culturing such cells for more 
than a few days is a substantial limitation to this 



-6- 

method. It is currently believed that the presence of 
so few modified cells, when compared to the total 
number of cells in the bone marrow population, would 
have little therapeutic value. 

A third major current approach to gene therapy 
involves the use of physical techniques such as micro- 
injection or electroporation. Microinjection involves 
the injection of DNA into isolated, individual cells. 
The technique, though extremely efficient, suffers from 
the disadvantage that only one cell at a time can be 
injected. This technique has been most successful in 
the introduction of DNA into fertilized mouse eggs 
(Gordon, J.W. , et al . . Science 214 :1244 (1981); Wagner, 
E.F., et al . . Proc. Natl. Acad. Sci. USA 78:5016 

(1981) ; Wagner, T.E., et al . , Proc. Natl. Acad. Sci. 
tJSA 28:6376 (1981); Palmiter, R.D., et al . . Nature 
300:611 (1982)). Hammer, R.E., et al . . ( Nature 311 :65 
(1984)), used this technique to partially correct a 
mouse with a defect in its growth hormone production. 
Electroporation involves the transport of DNA directly 
across a cell membrane through the use of an electric 
current. It has been used to transfer DNA into B 
lymphocytes (Neumann, E., et al . ^ EMBO J . 1:841 

(1982) ) . 

In summary, various conventional and recombinant 
techniques have been proposed for the treatment of 
genetic diseases. At present, however, no single 
technique appears to be wholly satisfactory. The use 
of viral vectors suffers from their potential for 
rearrangement of endogenous genes, as well as their 
potential for inducing carcinogenesis. Physical 
techniques, though highly efficient, are at present 
incapable of application to the large numbers of cells 
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which would need to be transfected in order to provide 
a reasonable therapy. Chemical procedures involve the 
introduction of DNA into a cell which had previously 
been extracted from a subject individual. At present, 
the technique is limited to bone marrow cells and 
fibroblasts, and is not efficient enough to constitute 
a viable therapy. The state of this field is reviewed 
by Friedman, T. , et al . (Science 125:949-955) (1972) 
and Anderson, W.F. (Science 226 : 4 01-4 09 (1984)). 

Binding proteins, such as antibodies, are widely 
used to assay for the presence or concentration of 
particular molecules, such as antigens or haptens. An 
antigen is a molecule which, when introduced into an 
animal, provokes the animal to produce antibodies which 
are capable of binding to it. In contrast, a hapten 
molecule is capable of binding to antibodies, but is 
incapable of eliciting their production. Antibodies 
bind to both haptens and antigens by identifying 
particular structural regions (known as "epitopes") of 
the molecules. A hapten ojr: antigen molecule may 
contain more than one epitope region. 

Preparations of antibodies may be broadly divided 
into two classes. Polyclonal antibody preparations are 
obtained by injecting (or otherwise presenting) an 
antigen molecule into an animal. The presence of the 
antigen molecule stimulates antibody-producing cells to 
produce species of antibodies capable of binding to the 
epitopes of the antigen. Different antibody-producing 
cells are capable of producing different antibody 
molecules. Thus, the introduction of an antigen into 
an animal results in the production of an array of 
different antibody molecules which includes antibodies 
capable of binding to each of the epitopes of the 
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antigen molecule. Because such a preparation includes 
antibodies which were produced from different producer 
cells, it is termed a "polyclonal" antibody prepara- 
tion. 

Excellent reviews of the methods and techniques 
for preparing polyclonal antibodies can be found in 
Microbiology . 2nd Edition; Davis, B.D., et al . ; Harper 
& Row, New York (1973), pp. 352-358; and Remington ^s 
Pharmaceutical Sciences . 16th Edition, Osol, A., Ed., 
Mack Publishing, Easton, Pa. (1980), pp. 1315-1351. 

The fact that individual antibody-producing cells 
are capable of producing only a single species of 
antibody is highly significant. Such individual cells 
can be clonally purified and fused to immortalized 
myeloma cells, thereby producing an immortalized cell 
which is capable of producing a single antibody spe- 
cies. Such fusion cells are known as "hybridoma" 
cells, and the antibodies which they produce are known 
as "monoclonal" antibodies. The procedures for produc- 
ing monoclonal antibodies are^ disclosed in U.S. Patent 
No. 4,172,124 (Koprowski, H. ; et al .) and in Monoclonal 
Antibodies. Hvbridomas; A New Dimension in Biological 
Analyses . Kennett, R.H., et al . (Eds.), Plenum Press, 
NY (1980) . 

The distinction between monoclonal and polyclonal 
antibodies does not lie in their individual specificity 
or binding affinity. Both types of antibody molecules 
exhibit equivalent specificity and binding affinity 
toward antigen molecules. Preparations of polyclonal 
antibodies comprise either an unf ractionated mixture, 
or purified mixtures of IgG molecules, of different 
antibody species, many of which are capable of binding 
to different epitopes. In contrast, a preparation of 
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monoclonal antibodies contains only a single antibody 
species. Because they are composed of a single 
species, preparations of monoclonal antibodies (though 
not necessarily the antibodies themselves) may possess 
greater specificity than can a preparation of poly- 
clonal antibodies. 

Significantly, in order to produce either mono- 
clonal or polyclonal antibodies, it is generally 
necessary for one to present substantial amounts of the 
antigen to the antibody-producing cells. Thus, in 
general, it is necessary to isolate and purify the 
antigen molecules before antibody production can be 
induced. In practice, however, it is often difficult 
to isolate and purify particular antigen molecules. 
This is especially true if the antigen molecules are 
hormones, membrane proteins, or other molecules which 
are present at only very low concentrations in source 
materials. Thus, for such molecules, it is often 
difficult or not possible to obtain antibodies. Hence, 
a need exists for a method ;Of producing antibodies 
which does not require the prior isolation or purifica- 
tion Of the antigen molecule. 

SUMMARY OF THE INVENTION 

The present invention provides a method of alter- 
ing the concentration of a desired gene product in a 
recipient subject. The invention also provides a means 
for compensating for a possible defect in the subject's 
expression of a particular gene, or for providing a 
means for increasing or decreasing the subject's 
expression of a particular gene. 
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In detail, the invention provides a method of 
altering the concentration of a desired gene product in 
a recipient subject which comprises providing to the 
recipient subject a transfected cell preparation, the 
preparation containing at least one transfected cell 
which contains a desired gene sequence, wherein the 
cell, when provided to the subject, will direct the 
expression of the desired gene sequence, thereby 
causing the production of a desired gene product. 

The invention also provides a method of altering 
the concentration of a desired gene product in a 
recipient subject which comprises providing to the 
recipient subject a transfected cell preparation, the 
preparation containing at least one transfected cell 
which contains an effector gene sequence, wherein the 
cell, when provided to the subject, will direct the 
expression of the effector gene sequence, thereby 
causing the production of a desired gene product. 

The invention further pertains to a method for 
inducing the production of a bp.ological compound which 
comprises providing to a recijpient subject an effective 
amount of a transfected cell preparation, the prepara- 
tion containing at least one transfected cell which 
contains a desired gene sequence, wherein the cell, 
when provided to the subject, will direct the expres- 
sion of the desired gene sequence, thereby causing the 
production of a desired gene product (I) ; the expres- 
sion of the desired gene sequence being sufficient to 
induce a non-transf ected cell of the recipient subject 
to produce the biological compound. 

The invention additionally pertains to a method 
for determining the concentration of a desired gene 
product (II) in a sample which comprises: 
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ea) incubating the sample in the presence of a 
biological compound capable of binding the desired gene 
product (II) , the production of the biological compound 
being induced by a method which comprises providing to 
a recipient subject an effective amount of a trans- 
fected cell preparation, the preparation containing at 
least one transfected cell which contains a desired 
gene sequence, wherein the cell, when provided to the 
subject, will direct the expression of the desired gene 
sequence, thereby causing the production of a desired 
gene product (I) ; the expression of the desired gene 
sequence being sufficient to induce a non-transf ected 
cell of the recipient subject to produce the biological 
compound, 

(b) determining the concentration of the desired 
gene sequence by measuring the amount of the biological 
molecule bound to the desired gene product (II) • 

The invention also includes a method for determin- 
ing the concentration of a desired gene product (II) in 
a sample which comprises: , 

(a) incubating the sample in the presence of two 
different biological compounds capable of binding the 
desired gene product (II) / the production of at least 
one of the biological compounds being induced by a 
method which comprises providing to a recipient subject 
an effective amount of a transfected cell preparation, 
the preparation containing at least one transfected 
cell which contains a desired gene sequence, wherein 
the cell, when provided to the subject, will direct the 
expression of the desired gene sequence, thereby 
causing the production of a desired gene product (I) ; 
the expression of the desired gene sequence being 
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sufficient to induce a non-transf ected cell of the 
recipient subject to produce the biological compound, 

(b) determining the concentration of the desired 
gene product i (II) by measuring the amount of the 
biological compounds bound to the desired gene product 
(II) . 

The invention also includes a method for evaluat- 
ing an agent suspected of having immunosuppressive 
activity which comprises 

(a) introducing a transfected cell prepara- 
tion which expresses an antigen into a recipient 
subject, 

(b) administering the agent to be evaluated 
to the recipient subject, and 

(c) determining whether the administration 
of the agent affected the ability of the recipient 
subject to produce antibodies capable of binding to the 
antigen. 

The invention also includes an implant which 
comprises a transfected cell. ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a diagramatic representation of one 
embodiment of transkaryotic implantation. Cultured 
cells are co-transfected with the gene of therapeutic 
interest and a gene encoding a selectable marker. 
Stably transfected cells are identified by their 
ability to express the marker gene as evidenced by 
their ability to survive the selection regimen (cells 
that have not taken up the marker gene are destroyed by 
this regimen) . Invididuals colonies of stably trans- 
fected cells are then multiplied and characterized with 
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respect to the expression and regulation of the gene of 
therapeutic interest. A clonal line possessing the 
desired expression properties is then introduced into 
one of a variety of anatomical locations in the host 
animal, which is itself characterized with respect to 
expression of the gene of interest. 

Figure 2 shows the amount of human growth hormone 
detected in the bloodstream of mice which had received 
intraperitoneal injections of either transiently 
transfected (dashed lines) or stably transfected (solid 
lines) cells. 

Figure 3 shows the amount of human growth hormone 
present in the bloodstream of mice which had received 
either subcutaneous transfected cells (solid lines, 
triangles) or had received the transfected cells by 
subcapsular implantation (solid line, circles) . The 
dashed line shows the data for subcapsular transkary- 
otic implants normalized to the number of cells im- 
planted. 

Figure 4 shows the effect of zinc administration 
on the levels of growth hormone in a mouse containing 
transfected cells in which growth hormone gene was 
controlled by the metallothionein-I promoter. 

Figure 5 shows the detection of mouse metallothio- 
nein-I/human growth hormone mRNA in transfected cells 
recovered from a subcapsular implant. 

Figure 6 shows the levels of human growth hormone 
as a function of the days post-implantation of stably 
transfected cells into a recipient mouse which had 
previously received a transkaryotic implant. 

Figure 7 shows the levels of growth hormone 
expressed by a a transfected implant in allogeneic mice 
(solid line) . The dashed line shows expression of 
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growth hormone resulting from a second subsequent 
implantation . 

Figure 8 shows the delivery of functional insulin 
genes to normal and diabetic mice using transkaryotic 
implantation. The Ltk^Ins cell line was selected after 
co-transfection with a mouse metallothionien-I/human 
insulin fusion gene (inset) . Approximately 10^ Ltk^Ins 
cells were injected intraperitoneally into ten nude 
mice. Mice were bled after two hour fasting on indi- 
cated days post-transf ection. Serum glucose levels 
(solid line) were determined as recommended by the 
manufacturer (Worthington) , and average levels and 
standard error bars are shown. Average serum insulin 
levels (dashed line) were determined by pooling serum 
samples from the mice and were performed as recommended 
by the manufacturer (Diagnostic Products) . 

Figure 9 shows the ability of transkaryotic 
implants to provide physiologically significant levels 
of insulin. Ten C3H mice were immunosuppressed and 
injected intraperitoneally as^ described above. Mice 
were bled after two hour fasting and serum glucose 
levels were determined. Five of the mice showed 
prolonged declines of serum glucose levels (solid line) 
and ultimately became hypoglycemic. Serum glucose 
levels from a group of five diabetic mice that did not 
undergo transkaryotic implantation were monitored as a 
control (dashed line) . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The compositions and methods of the present 
invention can be used in two different manners. In the 
first embodiment, the purpose of the compositions and 
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methods is to provide gene therapy to a recipient 
subject. In the second embodiment the purpose of the 
compositions and methods is to induce the recipient 
subject to produce a specific biological compound in 
response to the presence of compounds produced by a 
transfected cell. 

I. Terminology of the Invention. 

The present invention provides a novel method for 
accomplishing the alteration of the concentration of a 
desired gene product in a recipient subject. This 
alteration involves the introduction of a transfected 
cell which carries either a desired gene sequence or an 
effector gene sequence into the recipient subject. To 
be used in accord of the present invention the intro- 
duced desired gene sequence must be capable of being 
expressed in the recipient subject. Figure 1 shows a 
schematic diagram of transkaryotic implantation. 

The "subject recipient" , with which the present 
invention may be employed include animals, as well as 
humans; and the term "subject recipient" as used herein 
is meant to refer to the recipient of the transfected 
cell containing the desired gene. 

According to the present invention, a "transfected 
cell" is a cell which has been manipulated in vitro so 
that it contains a particular gene whose expression in 
a recipient subject is desired. Thus, for example, if 
it is desired to express the growth hormone gene in a 
particular subject, then one would introduce the gene 
for growth hormone into a cell (thereby forming a 
transfected cell) in such a manner that the cell would 
express this gene when introduced into the recipient 
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subject- Typically, although not necessarily, this 
gene sequence will be identical to the normal gene 
sequence of the species to which the recipient subject 
belongs. Thus, if one desired to provide additional 
growth hormone to an animal, one could employ a trans- 
fected cell which contained either that animal's growth 
hormone gene or, alternatively, the hormone gene of a 
different species as long as the growth hormone gene 
employed would be capable of expression in the recipi- 
ent subject. 

A recipient subject which contains such a trans- 
fected cell is said to be a "transkaryotic" recipient 
subject. A transkaryotic animal differs substantially 
from a transgenic animal. In a transgenic animal, all 
of the animal's cells contain a gene sequence which is 
not naturally present in other animals of the same 
species. In a transkaryotic animal, only the intro- 
duced transfected cells contain such a sequence; the 
vast preponderance of cells of the animal are unal- 
tered. Thus, transgenic therapy involves altering an 
animal's germ line in a manner which changes the 
genetic content of each of the animal's cells. In 
contrast, transkaryotic therapy involves somatic cells 
and does not alter the genetic content of the animal's 
cells. 

The introduction of a transfected cell into a 
recipient subject is herein referred to as "trans-^ 
karyotic implantation." 

A "transfected cell preparation" is a suspension 
of cells, which contains at least one transfected cell, 
either (1) in a physiologically acceptable buffer or 
carrier or (2) within a physiologically acceptable 
container. Phosphate-buffered saline is an example of 
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such a suitable carrier. A "transkaryotic implant" is 
an implant which contains at least one transfected 
cell. 

II. The Expression of Transfected Cells in a Recipient 
Subject 

The present invention provides a means of provid- 
ing gene therapy to a recipient subject. Such therapy 
is provided through the introduction of a transfected 
cell (capable of expressing a particular gene sequence 
into the subject) . The specific sequence, or nature of 
the genetic sequence to be introduced into the subject 
will be chosen depending upon the specific gene product 
whose concentration in the recipient subject one wishes 
to alter. The introduced gene sequence may alter the 
concentration of the desired gene product by being 
capable of expressing the desired gene product (or an 
equivalent or mutant form of the desired gene product) 
in which case the introduced gene sequence is termed a 
"desired gene sequence.'' The introduced gene sequence 
may alternatively alter the concentration of the 
desired gene product by effecting the expression of the 
desired gene product by the non-transf ected (i.e., 
native) cells of the recipient subject, in which case 
the gene sequence is termed an ''effector gene se- 
quence." Thus, if one wished to alter the concentra- 
tion of growth hormone, one could introduce genetic 
sequences capable of directly effecting the concentra- 
tion of the growth horroone by providing a transfected 
cell which expresses growth hormone or indirectly by 
inducing the expression of growth hormone by a non- 
transf ected cell of the animal. In a similar manner, 
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any gene which can be isolated and cloned may be used 
in accord of the present invention. 

The term "expression" as used herein refers to the 
ability of a cell to direct the transcription of a 
genetic sequence into mRNA, the translation of the mRNA 
into protein and the secretion of the protein out of 
the cell. Secretion of gene products may occur natu- 
rally or may be obtained by operably linking the 
desired or effector gene to a secretory signal se- 
quence. Expression is said to be "normal" if it occurs 
at a level within accepted norms for that particular 
gene product in a particular species, or if the level 
of expression is essentially equivalent to that ob- 
served in untreated subjects of the same species as the 
recipient subject. "Non-normal expression" typically 
refers to expression which is less than that found in 
normal members of the subject's species, although it 
may also describe the overexpression of a particular 
gene product. Expression is considered to be "physio- 
logically significant" if it i^esults in a change in the 
physiology of the recipient siibject. Thus, expression 
which is of so low a level as to not have any physio- 
logical import to the recipient subject would not be 
considered to be physiologically significant. Con- 
versely, if expression effects the gross physiology of 
a recipient subject, it is physiologically significant, 
as that term is used herein. 

In order to accomplish gene expression, it is 
necessary that the structural sequences of the desired 
of effector gene be operably linked to a promoter 
region. A promoter region is a DNA sequence recognized 
by the transfected cell as a site at which to commence 
the transcription of a gene sequence. A gene sequence 
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is said to be operably linked to a promoter region if 
the linkage is sufficient to enable the gene sequences 
to be transcribed due to the presence of the promoter 
region. In one embodiment of the present invention, 
the desired or effector DNA sequences are introduced 
into the transfected cell linked to their normal and 
natural promoter regions. Such transfected cells are 
capable of producing the product of the desired or 
effector gene under that gene's normal regulatory 
control. Alternatively, in a preferred embodiment, it 
is possible to link a particular desired or effector 
gene sequence to a promoter region with which it is not 
normally associated. Thus, any promoter capable of 
functioning in the transfected cell can be operably 
linked to the desired or effector gene sequence and 
used to express the gene in the transkaryotic cell. 

The promoter r'egion may either be constitutive 
(i.e., continually capable of expressing a gene only in 
response to certain conditions and being otherwise 
substantially incapable of promoting such expression) . 
Among the preferred regulatable promoter regions which 
may be employed is the mouse metallothionein promoter 
region. This promoter region directs transcription of 
operably linked genetic sequences in direct response to 
the concentration of certain heavy metals (i.e., zinc 
or cadmium) or glucocorticoids. Thus, by administering 
such ions to the recipient subject, one can control the 
level of expression of the operably linked gene se- 
quences. 

Alternatively, promoter regions which are regu- 
latable by temperature (such as the Drosophila heat 
shock promoter) , sugars (such as the yeast aal-4 
promoter) , double-stranded RNA, etc. , may be employed. 
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The utility of gene therapy extends beyond the 
treatment of classic genetic disorders, those heritable 
diseases caused by a missing or mutant gene which 
results in an absent or aberrant protein product. A 
variety of pathophysiologic conditions can be treated 
by the delivery of a specific protein, exemplified by 
the application of gene therapy to diabetes. Although 
both Types I and II diabetes may have a -genetic compo- 
nent, in the vast majority of cases the insulin gene 
itself is unaffected. Also in this category fall 
various temporary interventions that are not geared 
towards the replacement of a defective gene. For 
example, tissue plasminogen activator, which is quite 
difficult to produce in large quantities, is currently 
being evaluated for treatment of patients who have 
suffered recent myocardial infarctions. Cells taken 
from such a patient could be engineered to express 
tissue plasminogen activator and reimplanted, reducing 
the possibility of subsequent life-threatening clot 
formation. Similarly, transkaryotic implantation may 
be utilized to deliver a product designed to destroy 
certain malignancies. Transkaryotic implantation may 
be used to provide temporary therapy to trauma or burn 
victims. 

Several features are desirable in a gene therapy 
which employs transkaryotic implantation: I) The 
transfected cells should be fully characterized before 
implantation into the patient; II) The gene(s) should 
be delivered efficiently and the desired level of 
regulated expression achieved; III) It should be 
possible to utilize cells derived from different 
tissues for transfection and to reimplant them into 
different anatomical locations depending upon clinical 
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derived from a different species. For example, the 
gene for bovine growth hormone would be equivalent to 
the human growth hormone gene. An "identical gene" is 
a gene which is substantially similar to the gene 
sequence normally and naturally present in the recipi- 
ent subject. An "equivalent" or "identical" gene 
sequence may be either a "desired gene sequence" or "an 
effector gene sequence." 

It is possible to increase gene expression in 
accordance with the present invention by providing to 
the recipient subject a transfected cell which contains 
an "effector gene sequence" (i.e., one which effects 
the regulation of a gene whose increased expression is 
desired) . Thus, for example, the level of expression 
of a particular gene in a recipient subject may be in- 
creased by providing to that subject a transfected cell 
which expresses a gene whose product stimulates the 
endogenous expression of a second, desired gene se- 
quence in the recipient subject. For example, gene 
expression could be increased ^y providing to a recipi- 
ent subject, a transfected cell which expressed a gene 
whose product induced the subject to secrete elevated 
levels of growth hormone. 

The present invention may also be used to decrease 
the level of gene expression in the recipient subject. 
A decrease in gene expression may be obtained by 
providing to the recipient subject a transfected cell 
which expresses an effector gene sequence whose product 
represses the expression of an endogenous gene in the 
recipient subject. Thus, for example, by providing a 
transfected cell which expresses a gene whose product 
represses growth hormone expression (i.e., somato- 
statin) , one could limit the amount of endogenous 
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expression of the growth hormone gene in a recipient 
subject. Alternatively, one could obtain a decrease in 
gene expression by providing to the recipient subject a 
transfected cell which expressed a gene product which 
interfered with the normal activity or functioning of a 
particular gene. For example, the transfected cell 
might provide a gene product capable of complexing with 
a particular endogenous gene product, and thereby 
attenuate that gene product's activity. 

An additional way of either increasing or decreas- 
ing gene expression in a recipient subject involves the 
use of a transfected cell to alter the physiologically 
significant concentration of the desired gene product 
in the recipient subject. Such a transfected cell may 
express a mutant allele of either (1) the gene whose 
expression one desires to alter, or (2) a gene whose 
expression effects the level of expression of the gene 
sequence of interest. Thus, for example, one means for 
increasing the level of expression of the growth 
hormone gene would be to provide to a recipient subject 
a transfected cell which expressed a mutant allele of 
the growth hormone gene capable of producing a mutant 
growth hormone having enhanced activity. Similarly, by 
providing a recipient subject with a transfected cell 
capable of producing a mutant human growth hormone 
product (having substantially impaired activity) , one 
would decrease the number of growth hormone receptor 
molecules available to pair with the endogenous, normal 
growth hormone of the recipient subject. Such an 
occurrence would be essentially equivalent to decreas- 
ing the amount of endogenous growth hormone, and would 
result in a decrease in the physiological effect of the 
endogenous gene expression. 
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It is to be understood that the desired gene 
sequence present in the transfected cell may have been 
derived either from the recipient subject itself, from 
an animal of the same species as the recipient subject, 
from an animal of a different species, or it may be a 
synthetic gene. In choosing the source of the desired 
or effector gene sequence of the transfected cell, it 
is important to consider whether the ■ expressed gene 
product of the transfected cell would be perceived as 
an antigen in the recipient subject. Thus, to avoid 
any possible immunological rejection of the expressed 
product of the transfected cell, it is desirable to 
obtain the desired or effector gene sequence from a 
species which is closely related to that of the subject 
individual and it is preferable to obtain this sequence 
from an animal of the same species as the receipient 
subject. It is most preferable to employ a gene 
sequence which was derived from the recipient subject 
itself. The possible antigenicity of the gene sequence 
expressed by the transkaryotic cell may be readily 
determined by ascertaining whether the sera of the 
recipient subject has, or can be primed to have, 
antibodies capable of specifically reacting with the 
expressed gene product. Techniques for determining the 
antigenicity of a protein are widely known by those of 
ordinary skill in the art. 

IV. Use of Transkaryotic Implants to Induce the 
Production of Biological Compounds in a Recipient 
Subject 

One embodiment of the present invention involves 
the use of transfected cells to induce the production 
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of a biological compound by the non-transf ected cells 
normally present in a recipient subject. Examples of 
biological compounds which may be produced in accor- 
dance of this embodiment include antibodies, cellular 
receptor molecules, hormones, enzymes, etc. By im- 
planting a particular transf ected cell, capable of 
expressing an "effective amount" of a particular 
desired gene product, it is possible to induce the 
synthesis of a second particular gene product (by the 
non-transf ected cells of the recipient subject) . The 
term "effective amount" is intended to refer to an 
amount of expression which is physiologically signifi- 
cant. Thus, if an effective amount of a hormone gene 
is expressed in a recipient subject, then the level of 
hormone will be high enough to have a detectable effect 
on the physiology of the subject- If an effective 
amount of an antigenic substance is expressed in a 
subject recipient, then the level of the substance will 
be high enough to induce antibody production. Thus, 
for example, if the transf ected cell expresses an 
antigen, then the recipient subject will be induced to 
produce antibodies capable of binding to it. Alterna- 
tively, if the transfected cell expresses a non- 
antigenic hormone or hormonal receptors, then the 
non-transf ected cells of the subject recipient will be 
induced to produce hormonal receptor or hormone mole- 
cules through standard physiological mechanisms. 

Importantly, the above-described embodiment of the 
present invention permits one to recover biological 
compounds produced in response to the presence of the 
expression product of the transfected cell without 
first having to purify the expression product molecule. 
At present, for example, high affinity, specific 
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polyclonal antibodies can be produced only by providing 
substantial amounts of purified antigen. Often, 
because of the difficulty of purifying the antigen 
molecules, the production of polyclonal antibodies is 
an exceedingly difficult task. In contrast, it is 
frequently a simple matter to isolate a gene which 
encodes the antigen of interest. By introducing such a 
gene into a cell, it is possible to produce a trans- 
fected cell which expresses the antigen- This expres- 
sion, in turn, leads to the production of antibodies by 
the subject recipient which are capable of specifically 
binding to the expressed antigen. Hence, the present 
invention provides a means for producing polyclonal 
antibodies which overcomes the existing requirement for 
purified antigen molecules. 

Significantly, the expressed antigen need not be 
the production of an intact and entire gene. It may, 
alternatively, be the expression product of a "gene 
fragment.'' A "gene fragment" is a DNA sequence, which, 
when expressed, results in the production of a polypep- 
tide which comprises only a fragment of an intact and 
entire gene. For example, if one desired to induce the 
production of antibodies capable of recognizing a 
hormone, it would not be necessary to employ a trans- 
fected cell which expressed the complete hormone 
molecule could alternatively be employed (i.e., a cell 
containing a gene fragment of the hormone molecule 
gene) . 

The possibility of using a gene fragment to induce 
antibody production provides a substantial advance in 
the art. The procedure may advantageously be employed 
in the cloning of genes, even when neither the gene 
poroduct nor the full-length gene has been isolated. 
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The method also permits the isolation of region- 
specific polyclonal antibodies which are of substantial 
importance in immunodiagnostics and immunotherapy. 

V. Uses of the Antibodies of the Present Invention 

The desired gene product expressed in a trans- 
fected cell will very frequently be "antigenic" to the 
recipient subject (i.e., capable of inducing the 
expression of antibodies) unless immunosuppressive 
therapy is provided. A gene product is antigenic 
(i.e., is an antigen) if it contains an "epitope." An 
"epitope" is that portion of a molecule which is 
recognized by the recipient subject, and to which the 
induced antibodies of the recipient subject can bind. 
An antigen may be composed of one or more than one 
epitope. 

The use of the present invention permits the 
production of two different types of antibody mole- 
cules: "polyclonal antibodie^" and "region-specific 
polyclonal antibodies." "Polyclonal antibodies" are 
produced by a subject in response to the presence of 
the product of a complete (i.e. entire or natural) 
gene. "Region-specific polyclonal antibodies" are 
produced by a subject in response to the presence of a 
fragment of a complete gene product. For example, if 
the human insulin protein were expressed in an immuno- 
competent mouse, the mouse would produce a set of 
polyclonal antibodies capable of binding to the insulin 
epitopes. Although each particular antibody would, in 
general, be capable of binding to only one insulin 
epitope, the set would include antibodies capable of 
binding to each of the different insulin epitopes. In 
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contrast, if only one-half of the human insulin protein 
was expressed in the mouse, the mouse would produce a 
set of polyclonal antibodies capable of binding only 
those insulin epitopes present on the expressed insulin 
fragment. Although such antibodies are "polyclonal 
antibodies" with respect to the expressed fragment, 
they are "region-specific polyclonal antibodies" with 
respect to the complete insulin molecule. 

In summary, if a sample of polyclonal antibodies 
is capable of binding to only some of the epitopes 
naturally present on a complete gene product, then the 
antibodies are region-specific polyclonal antibodies 
with respect to that complete gene product. Alterna- 
tively, if all> of the epitopes of an antigen can be 
bound by the antibodies present in the sample, then the 
sample contains polyclonal antibodies with respect to 
that antigen. In accordance with the present inven- 
tion, an antibody capable of binding a complete gene 
product is said to be a region-specific antibody if it 
is derived from, or present in, antisera which con- 
tained region-specific antibodies capable of binding 
that complete gene product. 

The transfected cells of the present invention may 
contain either the gene sequence of an entire antigen 
or a gene sequence of a fragment of an entire antigen, 
and, thus, may be used to produce transkaryotic recipi- 
ents that produce either polyclonal antibodies or 
region-specific polyclonal antibodies. These anti- 
bodies may be utilized for any of the immunoassays 
wherein antibodies have been previously used. The 
region-specific polyclonal antibodies of the invention 
may be used in any immunoassay wherein monoclonal 
antibodies have been previously used. In one 
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embodiment, the antibodies are detectably labeled, 
utilizing conventional labeling techniques well known 
to the art. Thus, the binding molecules may be radio- 
labeled using, for example, radioactive isotopes such 

3„ 125^- 131^. 35„ 
as H, I, I, and S. 

The antibodies may also be labeled using fluores- 
cent labels, enzyme labels, free radical labels, or 
bacteriophage labels, using techniques known in the 
art. 

Typical fluorescent labels include fluorescein 
isothiocyanate, rhodamine, phycoerythrin, phycocyanin, 
alphycocyanin, and Texas Red. 

Suitable enzymes include alkaline phosphatase, 
urease, beta-galactosidase, glucose-6-phosphate dehydro- 
genase, malate dehydrogenase, and peroxidase. 

Two principal types of enzyme immunoassays are the 
enzyme-linked immunosorbent assay (ELISA) , and the 
homogeneous enzyme immunoassay, also known as enzyme- 
multipled immunoassay (EMIT) . In the ELISA system, 
separations may be achieved, e.g., by use of antibodies 
coupled to a solid phase. The EMIT system depends on 
deactivation of the enzyme in the tracer-antibody 
complex; the activity can thus be measured without the 
need for a separation step. 

Additionally, chemiluminescent compounds may be 
used as labels. Typical chemiluminescent compounds 
include luminol, isoluminol, aromatic acridinium 
esters, imidazoles, acridinium salts, and oxalate 
esters. Similarly, bioluminescent compounds including 
luciferin, luciferase, and aequorin. 

Once labeled, the binding molecule may be employed 
to detect, i.e., to identify and/or quantify immuno- 
logic counterparts utilizing techniques well-known to 
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the art. Thus in the present invention the term 
"detect" includes identification of the presence of the 
molecule or functional group and also includes quanti- 
fying same. 

A good description of a radioiTtimune assay (RIA) 
may be found in Laboratory Techniques and Biochemistry 
in Molecular Biology , by Work, T.S., et al. . with 
particular reference to the chapter ■ entitled "An 
Introduction to Radioimmune Assay and Related Tech- 
niques" by Chard, T. , North Holland Publishing Company, 
New York, New York (1978) , incorporated by reference 
herein. 

The polyclonal antibodies (and in particular the 
region-specific polyclonal antibodies) of the present 
invention may also be adapted for utilization in an 
immunometric assay, also known as "2 -site" or "sand- 
wich" assays. In a typical immunometric assay, a 
quantity of unlabeled antibody is bound to a solid 
support that is insoluble in the fluid being tested and 
a quantity of soluble antibody bearing a label that 
permits detection and/or quantitation of a ternary 
complex formed between solid phase antibody, antigen, 
and labeled antibody is added. 

Typical immunometric assays include "forward" 
assays in which the antibody bound to the solid phase 
is first contacted with the sample being tested to 
extract the antigen from the sample by formation of a 
binary solid-phase antibody-antigen complex. After a 
suitable incubation period, the solid support is washed 
to remove the residue of the fluid sample, including 
unreacted antigen, if any, and then contacted with the 
solution containing an unknown quantity of labeled 
antibody- After a second incubation period to permit 
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the labeled antibody to complex with the antigen bound 
to the solid support through the unlabeled antibody, 
the solid support is washed a second time to remove the 
unreacted labeled antibody. This type of forward 
sandwich assay may be a simple "yes/no" assay to 
determine whether antigen is present or may be made 
quantitative by comparing the measure of labeled 
antibody with that obtained for a standard sample 
containing known quantities of antigen. These "two- 
site" or "sandwich" assays are described by Wide at 
pages 199-206 of "Radioimmune Assay Method," edited by 
Kirkham and Hunter, E. & S. Livingstone, Edinburgh, 
1970. 

In another type of "sandwich" assay, which may 
also be useful with the antigens of the present inven- 
tion, the so-called "simultaneous" and "reverse" assays 
are used. A simultaneous assay involves a single 
incubation step as the antibody bound to the solid 
support and labeled antibody are both added to the 
sample being tested at the same time. After the 
incubation is completed, the /Solid support is washed to 
remove the residue of fluid sample and uncomplex 
labeled antibody. The presence of labeled antibody 
associated with the solid support is then determined as 
it would be in a conventional "forward" sandwich assay. 

In the reverse assay, stepwise addition first of a 
solution of labeled antibody to the fluid sample 
followed by the addition of unlabeled antibody bound to 
a solid support after suitable incubation period is 
utilized. After a second incubation, the solid phase 
is washed in conventional fashion to free it of the 
residue of the sample being tested and the solution of 
unreacted labeled antibody. The determination of 



labeled antibody associated with a solid support is 
then determined as in the simultaneous and forward 
assays. 

As explained above, the immunometric assays for 
antigen require that the particular binding molecule be 
labeled with a "reporter molecule." These reporter 
molecules or labels, as identified above, are conven- 
tional and well known to the art. In the practice of 
the present invention, enzyme labels are a preferred 
embodiment. No single enzyme is ideal for use as a 
label in every conceivable imraunometric assay. In- 
stead, one must determine which enzyme is suitable for 
a particular assay system. Criteria important for the 
choice of enzymes are turnover number of the pure 
enzyme (the number of substrate molecules converted to 
product per enzyme site per unit of time) , purity of 
the enzyme preparation, sensitivity of detection of its 
product, ease and speed of detection of the enzyme 
reaction, absence of interfering factors or of enzyme- 
like activity in the test fl^uid, stability of the 
enzyme and its conjugate, availability and cost of the 
enzyme and its conjugate, and the like. Included among 
the enzymes used as labels in the immunometric assays 
of the present invention are horseradish peroxidase, 
alkaline phosphatase, beta-d-galactosidase, urease, 
glucose oxidase, glycomylase, carbonic anhydrase, 
acetylcholinesterase, lysozyme, malate dehydrogenase, 
and glucose-6-phosphate dehydrogenase. Urease is among 
the preferred enzyme labels, particularly because of 
chromogenic pH indicators which make its activity 
readily visible to the naked eye. 

The antibodies of the present invention may be 
labeled using techniques well known in the art. 
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Typical techniques are described by Kennedy, J.H., et 
al . , Clin. Chim. Acta 70:1-31 (1976) and Schuurs, 
A.H.W.M., et al. . Clin. Chim. Acta 81-*l-40 (1977). 
Coupling techniques mentioned in the latter are the 
glutaraldehyde method, the periodate method, the 
dimaleimide method, the m-maleimidobenzyl-N-hydroxy- 
succinimide ester method. All these methods are 
incorporated by reference herein. 

VI. The Production of the Transfected Cells of the 
Present Invention 

A transkaryotic cell is produced through the 
in vitro introduction of additional genetic sequences 
into a cell (Figure 1) . If such sequences integrate 
into the chromosome of the transfected cell or are able 
to replicate as extrachromosomal plasmids, then the 
cell may acquire the permanent capacity to direct the 
expression of the introduced genetic seqpjence. Such a 
cell is said to be "stably t^ransfected. " Since such 
cells acquire the permanent capacity to express the 
introduced genetic sequence, it would be preferable to 
employ stably transfected cells in situations in which 
one desired to provide the recipient subject with a 
prolonged capacity to produce the desired or effector 
gene product. 

It is also possible to employ transfected cells in 
which the desired or effector gene sequences have not 
integrated into the cell's chromosome or are not 
extrachromosomally replicated. Such cells only tran- 
siently retain the capacity to express the desired gene 
sequences. Cells which possess genetic sequences which 
will only transiently express the desired gene 
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sequences are termed "transiently transfected. " The 
level of such transient expression may be increased by 
providing additional copies of the desired or effector 
gene sequence to the transfected cell. Thus, although 
stably transfected cells are able to express the 
desired or effector gene sequence for a longer period 
of time than transiently transfected cells, both 
transiently and stably transfected cells are capable of 
expressing such sequences at substantial levels. 
Indeed, if the number of copies of a gene sequence 
which may be introduced into a cell (transient trans- 
fection) exceeds the number of copies which can be 
stably maintained, then the transiently transfected 
cells would exhibit a higher level of expression than 
would stably infected cells. Thus, it is preferable to 
employ transiently transfected cells in the subject 
either when one desires expression to be of short 
duration or when one wishes to provide a level of 
expression which is different from that attainable 
using stably transfected cells^. 

To obtain stably transfebted cells, one can employ 
the technique of Wigler, M. , et al . . ( Cell 11:223 
(1977)). According to this technique, a suspension of 
DNA (containing the desired or effector gene sequences) 
is complexed into small precipitates using calcium 
phosphate. These precipitates are added to a monolayer 
of cells growing in a tissue culture dish at 37°C. 

The desired or effector gene sequence is prefer- 
ably isolated and cloned onto a plasmid prior to being 
incubated with the cells. It is, however, also pos- 
sible to incubate the cells with an unf ractionated 
collection of plasmids each of which contains a differ- 
ent gene sequence or solely with the desired or 
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effector gene sequence. If unf ractionated plasraids are 
used, it is desirable to screen the resulting trans- 
fected cells for a cell which contains and expresses 
the desired gene sequences. Such a cell would then 
preferably be purified from the other transfected cells 
by known and commonly used techniques prior to being 
introduced into the subject recipient. Techniques for 
cell culture are extensively disclosed by Freshney, 
R.I. (In: Culture of Animal Cells. A Manual of Basic 
Technique ) (Aln R. Liss, Inc., NY, pp. 55-78 (1983)) 
and Lambert, K.J., et al . (In: Animal Cell Biotech- 
nology , Vol. 1, Spier, R.E., et al . . Eds., Academic 
Press, NY, pp. 86-122 (1985)), which references are 
hereby incorporated by reference. 

In order to identify stably transfected cells, it 
is, in general, necessary to screen or select such 
cells from the total culture of transfected cells. 
Thus, it is desirable to co-transfect the transfected 
cell with a second gene sequence capable of conferring 
a selectable property to the^ cell. This second se- 
quence may be either on a separate molecule or may be 
linked to the molecule having the desired gene se- 
quences. The selectable property conferred by this 
second sequence may be, for example, drug resistance 
such as to G418, or the capacity to grow in the pres- 
ence of metabolites such as hypoxanthine or 8-azaguani- 
dine or in the absence of nucleotides such as thymi- 
dine. It is preferred to employ a transfected cell 
which is deficient in the expression of the thymidine 
kinase gene and to employ as the second, selectable 
gene sequence the thymidine kinase gene of the Herpes 
simplex virus. A transfected cell which exhibits the 
stable expression of the selectable property is 
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examined to determine whether it also expresses the 
desired gene sequences. This examination is done by 
assaying for the protein product resulting from such 
expression. The particular assay used will, of course, 
vary depending upon the nature and function of the 
protein product. 

Procedures for performing stable or transient 
transfection reactions are well known in the art 
(Pasleau, F. , et al . . Gene 38:227-232 (1985); Kopchick, 
J', et al . , DNA 4:23-31 (1985); Lopata, M.A. , et al . . 
Nucleic Acid Research 12 :5707-5717 (1984); Gynheung, 
A., et al . . Mol. Cell Biol . 2:1628-1632 (1982), all of 
which references are hereby incorporated by reference.) 

When performing transient transfection experiments 
it is preferable to provide between 10-50 ug of DNA 
containing the desired or effector genetic sequences to 
between 5 x 10^ - 5 x 10^ cells. In stable transfec- 
tion experiments, it is preferable to provide between 
1-20 ug of DNA containing the desired or effector gene 
sequences to between 5 x 10^ 5 x 10^ cells. If the 
gene sequence which confers the selectable property is 
not present on the same molecule as that containing the 
desired gene sequence, then it roust be separately 
provided to the cells. In such a case, it is prefer- 
able to provide between 1.0-100 ug of this genetic 
sequence per 5 x 10^ - 5 x 10^ recipient cells. After 
transfection, it is preferable to allow the transf acted 
cells to proliferate and to then provide between 10^ - 
10"^° cells to each recipient subject. The number of 
cells introduced into the recipient will be determined 
based upon criteria such as the expression of the 
desired or effector gene's product, the turnover of the 
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product, and the amount of product required for the 
desired degree of physiological activity. 

The transfected cells of the present invention may 
be introduced into a recipient subject, either by 
introduction into the peritoneal cavity of the subject, 
or subdermally (i.e., subcutaneously or submuscularly) , 
intradermally, intramuscularly, or, preferably, by the 
insertion of a subcapsular implant into the capsule 
that surrounds the kidney. Introduction may addition- 
ally be by intracranial implant, or by intrahepatic, 
intravenous, intraperitoneal, intrapulmonary , intra- 
ocular, intratesticular, or intrasplanchnic means. 
Introduction may either be accomplished by injection or 
by implantation (i.e., where the cells are enclosed by 
a material which restricts their ability to diffuse or 
migrate from the site of introduction) . In a preferred 
embodiment, the implant is a renal subcapsular, or 
similar, implant which may be easily recovered from the 
recipient and studied. 

The present invention ;may be practiced with a 
transkaryotic cell derived from a wide number of 
diverse tissues, as long as the cell is (1) capable of 
receiving and expressing the introduced gene sequences, 
and (2) being cultured in vitro and re-introduced into 
the recipient subject. For example, the present 
invention may be practiced using fibroblasts, myocytes, 
hepatocytes, kidney capsular cells, endothelial cells, 
epithelial cells of the gut, pituitary cells, etc. The 
invention may be practiced using either primary cells 
or transfected cells. Preferred cell types include 
mouse L cells, kidney capsular cells, and AtT-20 cells. 
It is, however, most preferable to employ as the 
transfected cell a fibroblast cell. If one desires to 



-38- 

minimize any possible immunological reaction of the 
recipient subject to the transkaryotic cell, it is 
desirable to employ a cell from a species which is 
closely related to the species of the recipient sub- 
ject, and it is preferable to employ a cell from the 
same species as the recipient subject. To avoid an 
immunological response it is most preferable to employ 
a cell which was originally obtained from the recipient 
subject itself. Alternatively, an immunosuppressive 
drug (such as, for example, dexamethasome or anti- 
thymocyte antisera) may be administered to the recipi- 
ent subject at a dosage sufficient to prevent or 
attenuate the recipient subject's rejection or destruc- 
tion of the transkaryotic implant. If, alternatively, 
one desires to provoke an immunological response (for 
example, to induce production of an antibody) , one 
could introduce a transkaryotic implant containing 
either stably or transiently transfected cells of 
either the same species or a diverse species. 

Thus, the present invei)tion begins with the 
in vitro cultivation of a tissue culture cell or a 
primary cell from an organ explant. A desired or 
effector gene sequence is then incubated in the pres- 
ence of the cell under conditions which permit it to be 
adsorbed into the cell. The resulting transfected cell 
may then be introduced into a recipient subject by any 
of a variety of means. Once within the recipient 
subject, the transfected cell's in vitro -introduced 
gene sequences can then be expressed and provide the 
recipient subject with the desired gene product. 

In the examples below, transfected cells which 
express human growth hormone or insulin have been 
employed. It is to be understood that the present 



invention is not limited to the use of such transfected 
cells, but rather encoinpasses the use of any trans- 
fected cell capable of expressing any gene in a recipi- 
ent subject. Examples of other genes which could 
alternatively have been employed include genes for 
hormones, enzymes, antibodies, and the like. 

Additionally, although the fibroblast and pitui- 
tary cells employed in the examples below were not 
derived from the particular mice which served as the 
recipient subjects, it is alternatively possible to 
have employed transfected cells which are derived from 
the subject recipient itself. The experiments pre- 
sented below indicate that several sites for implanta- 
tion of genetically engineered cells are satisfactory 
and permit the vigorous function of such cells after 
their transference into the recipient subjects. 

The use of human growth hoirmone has practical 
significance in that the growth of recipient subject 
mice receiving subcapsular implants of transfected 
cells were found to grow more /rapidly than control mice 
for at least seven days post-implantation. Hence, the 
administration of transfected cells resulted in a 
physiologically significant level of expression. Such 
implants can be employed to promote rapid growth of 
newborn animals (it may be necessary to tolerize the 
animals to the transfected cells in order to avoid 
immunosuppressive therapy) . Similarly, the expression 
of insulin was found to be physiologically significant. 

Having now generally described this invention, the 
same will be better understood by reference to certain 
specific examples which are included herein for pur- 
poses of illustration only and are not intended to be 
limiting of the invention, unless specified. 
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EXAMPLE 1 

Formation of Transfected Cells Containing the 
Human Growth Hormone Gene 

A. Formation of Transiently Transfected Cells 
Cultured mouse Ltk" fibroblasts were incubated 

with plasmid pXGH5 under conditions sufficient to 
permit its uptake into the fibroblast cells. Plasmid 
pXGH5 contains the human growth hormone gene fused to 
the mouse metallothionein-I (mMT-I) promoter region. 
This plasmid is described in co-pending U.S. Patent 
Application No. 896,843, and is on deposit at the 
American Type Culture Collection, Rockville, Maryland, 
under the Accession Number ATTC 67180. Plasmid trans- 
fection was performed according to the method of 
Lopata, M. , et al . 

B. Formation of Stably Transfected Cells 

In order to produce stably transfected cells, 
mouse Ltk~ (thymidine kinase deficient) fibroblasts 
were co-transf ected with plasmid pXGH5 and the herpes 
simplex virus thymidine kinase gene, and HAT-resistant 
cell lines were analyzed for human growth hormone 
expression. Stable transfection was performed accord- 
ing to the method of Wigler, M. , et al . (Cell ii:223 
(1977)). One cell line found to produce human growth 
hormone expression was termed Ltk"*^GH. 



EXAMPLE 2 

Intraperitoneal Implantation of Transiently 
Transfected Cells 



Transiently transfected cells were obtained as 
described in Example lA. Four days after transfection 
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with pXGH5 DNA, the recipient Ltk cells were typsini- 
zed, pelleted, resuspended in phosphate-buffered 
saline, and injected intraperitoneally into a group of 
ten C3H mice. These mice were of the same strain as 
the original donor of the cultured Ltk cell line. 
Approximately 2 x 10^ cells were introduced into each 
animal. Within three hours of implantation, human 
growth hormone appeared in the serum of the recipient 
mice. The mean serum level was 63.1 mg/ml. Serum 
human growth hormone levels began to decline during the 
next day (mean level 45.1 mg/ml), and the hormone was 
barely detectable (mean level 0.6 mg/ml) by four days 
post-implantation. The results of this experiment are 
shown in Figure 2 (dashed line) . This experiment shows 
that transkaryotic implantation of transiently trans- 
fected cells can deliver a protein product to the serum 
of recipient mice for approximately four days post- 
implantation (corresponding to days 5-8 post-transfec- 
tion) . The implanted cells stop producing human growth 
hormone because the recipient ^as some means to remove 
or inactivate the cells. 

EXAMPLE 3 

Intraperitoneal Implantation of Stably 
Transfected Cells 

Stably transfected cells were prepared as descri- 
bed in Example IB. Cells from cell line Ltk^GH were 
introduced intraperitoneally into a group of ten C3H 
mice, which were then bled for serum human growth 
hormone determinations at various times post-implanta- 
tion. The results of this experiment are shown in 
Figure 2 (solid line) . The functional integrity of the 
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EXAMPLE 4 

Effect of the Site of Implantation on the 
Ex pression and Longevity of the Transfected Cells 

In order to determine the effect of the site of 
implantation on the expression and longevity of trans- 
fected cells, stably transfected cells obtained as 
described in Example IB were subcutaneously implanted 
into various locations in C3H mice. Approximately 
2 X 10^ cells were introduced per animal- The 
results of this experiment are shown in Figure 3. 
Subcutaneously implanted transfected cells were found 
to produce human growth hormone for up to ten days 
(Figure 3, solid line, triangles). Serum human growth 
hormone levels fell steadily from day one post-implan- 
tation, and the acclimation phase noted with intraperi- 
toneal implantation . was not seen with subcutaneous 
implantation. A similar pattern was found for cells 
implanted under the renal capsule (Figure 3, solid 
line, circles) . The dashed lines show the results for 
the subcapsular implants normalized to the number of 
cells implanted. In this experiment, 3 x 10^ cells 
were infected into each animal. By day seven post- 
implantation, these implants produced little serum 
growth hormone. The subcutaneous implants were removed 
and used in histochemical studies. Cells staining 
positively for human growth hormone were found to have 
been present within the subcapsular implant, and the 
morphology of the renal praenchyma was found to have 
been normal. As a control for the role, if any, of 
human growth hormone and the survival of implanted 
cells, nontransfected Ltk" cells were also subcapsu- 
larly implanted. The fate of these cells was identical 
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to that of the subcapsularly implanted transfected 
cells . 

Several factors may have played a role in the 
differential ability of the implanted cells to produce 
human growth hormone in various locations in the body. 
The profusion of the implant site could have provided 
the cell with vital nutrients and influenced both the 
viability of the cells and the amount of human growth 
hormone taken up into the circulatory system. The 
hydrostatic pressure to which the cells were subjected 
could also have influenced the functioning of the 
implant — cells under the renal capsule, for example, 
are presumably under significantly higher hydrostatic 
pressure than those in the peritoneum. The cells may 
have attached better in certain locations, and finally, 
the relative surveillance of the implant by cells of 
the immune system may have influenced the amount of 
human growth hormone produced. 

EXAMPLE 5 
The State of the Implanted Cell 
As described above, the plasmid pXGH5 contains the 
mouse metallothionein-I promoter. In order to deter- 
mine whether the implanted cells were sufficiently 
healthy to respond to their local environment, the 
ability of zinc to induce higher levels of human growth 
hormone expression was determined. Stably transfected 
cells, prepared as described in Example IB, were 
implanted intraperitoneally in mice, some of which were 
given 76 mM ZnSO^ in their drinking water. The animals 
treated with zinc expressed ten-fold more human growth 
hormone in their serum than did those with no 
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treatment. The results of this experiment are shown in 
Figure 4. This induction was comparable to previously 
reported results for metallothionein fusion genes 
(Searle, P.F., et al . . Molec. Cell Biol . 5:1480-1488 
(1985); Selden, R.F., et al . , Molec. Cell. Biol. 
6:3173-179 (1986)) and indicated that the cells re- 
mained responsive in the intraperitoneal milieau. 
Furthermore, RNA prepared from cells ■ recovered from 
subcapsular implants contained the correct mMT-I/human 
growth hormone fusion inRNA (Figure 5) . Taken together, 
these results strongly suggest that the implanted cells 
were healthy and behaved predictably. Of substantial 
importance is the fact that the cells, once in place in 
the animal, could still be modulated by external means. 
This result strongly suggests that in a clinical 
setting the expression of a desired or effector gene 
product could be modulated of pharmacologic interven- 
tion. 

Whenever human growth hormone was detected in the 
serum of a recipient subject, At was possible to detect 
the presence of transfected cells. For example, from 
days 1 through 7 post-implantation, human growth 
hormone-producing cells could be visualized (either 
with the naked eye or by light microscopy) under t.he 
renal capsule. At the time when serum human growth 
hormone disappeared, the implanted cells were no longer 
detectable. Once human growth hormone had disappeared 
from the serum, it was never found to reappear. In 
addition, if the kidney which received the subcapsular 
implant was removed from a mouse expressing human 
growth hormone (via a transkaryotic implant) , all 
traces of such expression disappeared within several 
hours after the nephrectomy. The transfected cells 
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also appear to reraain localized at the site of intra- 
peritoneal and subcutaneous implantation. These 
findings indicated that the cessation of human growth 
hormone expression resulted from the destruction of the 
implanted cells. 

EXAMPLE 6 

Role of the Immune System in Transkarydtic Implantation 

Since serum human growth hormone levels dropped 
precipitously between 7-15 days after intraperitoneal 
implantation, it seemed possible that this elimination 
phase was mediated by the immune system. As a first 
step in studying the potential role of the immune 
system in transkaryotic implantation, six C3H mice (of 
the ten mice discussed in Example 2) that had previous- 
ly received intraperitoneal implants of stably trans- 
fected cells were re-challenged with stably transfected 
cells. When first exposed to the new transfected 
cells, the pattern of human g;rowth hormone expression 
in these mice continued for ' 15 days (Figure 6, solid 
lines) , but after the second challenge, human growth 
hormone levels were barely detectable by day 7 and were 
absent by day 9 (Figure 6, dashed line). The serum 
human growth hormone profile of the re-challenged mice 
also lacked the acclimation phase. These results were 
consistent with an anamestic response of the host mice 
against the transfected cells. Although the trans- 
fected cells were originally derived from C3H mice, it 
is likely that either the cells or the mice have 
undergone some genetic alteration over the course of 
almost four decades since the cell line was originally 
established, and hence, they are no longer fully 
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syngeneic with one another. V'Jhen frankly allogeneic 
mice (C57BL/6; representing both H-2 and non-H-2 
determined incompatibilities) received transfected 
cells intraperitoneally , their pattern of human growth 
hormone expression resembled that of re-challenged C3H 
mice (Figure 7, solid line). After a second challenge, 
no human growth hormone was detectable in the allogen- 
eic recipients after day 4 (Figure 7, dashed line). 
These experiments suggested that the primary cause of 
cessation of human growth hormone expression after 
intraperitoneal implantation was cell death due to the 
host's immune system. 

EXAMPLE 7 

Prolonging the Functional Life of the Implant 

If the transfected cells are destroyed by trans- 
plant rejection, immunosuppression should prolong the 
functional life of the implant. In order to test this 
hypothesis, mice which had received stably transfected 
transkaryotic implants were subjected to three differ- 
ent immunosuppressive regimens: rabbit anti-mouse 
thymocite serum (Baldamus, C.A. , et_al. , Immunol . 
110 : 1532-1541 (1973), dexamethasone, and a combination 
of the two. Transfected cells which expressed human 
growth hormone were implanted intraperitoneally into 
C3H mice, which were then immunosuppressed and moni- 
tored for serum human growth hormone. Mice which had 
received anti-mouse thymocyte serum (given 0.25 ml per 
mouse on days -1, 1, 0, +1, and +3 with respect to 
implantation) showed higher serum human growth hormone 
levels and expressed human growth hormone for approxi- 
mately two weeks longer than did untreated mice 
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(Table I) . Dexamethasone-treated mice also showed 
elevated and prolonged expression, with serum human 
growth hormone detectable until 48 days post-implanta- 
tion. 

Table I. Effects of Immunosuppression on IP Cells 



24 . 3+/- 2. I 



8 9. 7 + / - 1 8 . 
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173 . 1 + /-3 

160 . 8 + ^-75 . 4 
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For mice receiving dual immunosuppression, anti- 
mouse thymocyte serum and dexamethasone were adminis- 
tered as described above. These mice expressed human 
growth hormone for over three months (Table II) . In 
approximately 2 0% of the group, human growth hormone 
levels rose to approximately 500 mg/ml. Such high 
levels of serum human growth hormone for an extended 
period often proved to be lethal to the mice — on 
laparotomy, large collections of transfected cells were 
found which formed plaques of new tissue distributed 
widely on many peritoneal surfaces. Viable cells were 
also found to be suspended in the ascites fluid. 
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The ultimate death of these mice was not caused by 
the increased peritoneal cell mass, since approximately 
20% of control C3H mice which were injected with 
non-transfected fibroblast cells exhibited similar cell 
proliferation. The control mice, however, survived for 
over 100 days post-implantation. Thus the death of the 
mice which received the transkaryotic implant was 
probably attributable to the extremely high serum 
levels of growth hormone. 

Table II. Effects of Dual Immunosuppression 
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EXAMPLE 8 

Survival of Subcapsular Implants in 
Immunosuppressed Mice 

In order to determine whether immunosuppression 
would lead to prolonged expression of human growth 
hormone by transfected cells of a subcapsular implant, 
mice which had received such an implant below the 
kidney capsule were treated with a combination of rat, 
anti-mouse thymocyte serum, and dexamethasone and the 
levels of human growth hormone expression were moni- 
tored. Serum human growth hormone levels peaked after 
approximately 10 days post-implantation, declined over 
the next six days, and then remained level at approxi- 
mately 5-10 mg/ml for more than two months. Although 
dexamethasone was administered to these mice for one 
week after implantation of intraperitoneal or subcap- 
sular cells, its effects allowed the implant to survive 
for several weeks after the cessation of dexamethasone 
administration. It is possible that the ultimate 
destruction of the cells was' related to a dexametha- 
sone-sensitive event that occurred soon after implanta- 
tion. This event could not be the only one involved in 
the destruction because when C3H mice were treated 
continuously with dexamethasone alone, the transfected 
cells are eventually destroyed. 
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EXAMPLE 9 

Production of Human Insulin 
by a Transkarvotic Implant 

Mouse Ltk~ cells were transfected with a thymidine 
kinase gene and a fusion gene designed to express a 
human preproinsulin messenger RNA. When transfected 
with such fusion genes, mouse Ltk cells constitutively 
secrete proinsulin but are unable to produce mature 
insulin. One clonal line (named Ltk Ins) which con- 
tained several human insulin fusion genes, synthesized 
human insulin messenger RNA, and secreted human pro- 
insulin, was chosen for further analyses. 

To circumvent the need for immunosuppression, nude 
mice were utilized as recipients for the Ltk Ins cells. 
Approximately 10^ cells were intraperitoneally injected 
into each of 10 mice, and serum samples (after two-hour 
fasting) were obtained two to three times weekly 
(Figure 8) . For almost one week post-implantation, 
serum glucse levels remained at pre-implantation values 
(160 mg% +/- standard error of 10 mg%) - A precipitious 
fall in glucose levels was noted between weeks one and 
two (to 77 mg% +/~ 4 mg%) , and the levels remained low 
for the duration of the experiment. In parallel with 
this drop in glucose levels, the total insulin levels 
rose markedly from preimplantation values of approxi- 
mately 17 ulU/ml to almost 60 ulU/ml. Since the total 
insulin assay has only 20% cross-reactivity with 
proinsulin, the actual proinsulin levels in these 
animals may be significantly higher than reflected by 
these measurements. These results indicate that 
transkaryotic implantation can be utilized to deliver 



functional insulin genes and reduce serum glucose 
levels in mice. 

EXAMPLE 10 

Use of Transkaryotic Implantation to Treat Diabetes 

The potential application of transkaryotic implan- 
tation to the treatment of diabetes was modelled by- 
monitoring the effect of intraperitoneally injected 
Ltk'^'lns cells on diabetic mice. To obtain chemically 
diabetic animals, C3H mice were treated with strep- 
tozotocin (8 mg/mouse) , and (two-hour fasting) serum 
glucose levels were measured approximately 10 and 15 
days later. For the purposes of this study, a mouse 
was considered to be diabetic if its fasting serum 
glucose level was 4 00 mg% or greater, and 10 of these 
mice received intraperitoneal injections of Ltk Ins 
cells. The C3H mice were immunosuppressed using rabbit 
anti-mouse thymocyte serum and dexamethasone. Within 
one week post- implantation, a dramatic decline in serum 
glucose levels was noted in five of the mice (Figure 9, 
solid line) . By two weeks post-implantation, normogly- 
cemia was restored in these diabetic mice. The remain- 
ing five mice showed either a transient decline in 
serum glucose levels or no decline at all, suggesting 
that immunosuppression was not equally effective for 
every mouse (data not shown) . Control diabetic mice 
(Figure 9, dashed line) showed no reduction in serum 
glucose levels. Serum glucose levels continued to fall 
in the group of five responding animals, and ultima- 
tely, these diabetic mice succumbed from transkaryotic 
implantation-induced hypoglycemia . 
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Some diseases may prove to be more tractable than 
diabetes, and it is possible that the search for a 
regimen of diabetic gene therapy may lead to treatments 
of conditions where tight, roinute-to-minute regulation 
of the delivered protein is not essential. Hemophilia, 
for example, might be treated if the missing clotting 
factor could be provided by genetically engineered 
cells. Presumably, the requirements for the range of 
concentrations of the factor and the type of cell used 
to produce it are less rigid than those for the treat- 
ment of diabetes. 
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EXAMPLE 11 

Use of Transkarvotic Implantation to 
Obtain Polyclonal Antibodies 

Antibodies to human growth hormone were produced 
as follows: Approximately 2 x 10^ mouse Ltk~ cells 
were transiently transfected with pXGH5 using the 
DEAE-dextran transfection protocol of Selden, R. , et 
al. f Molec. Cell. Biol. 6;3173-3179 (1986)). Four days 
after transfection, the cells were washed, trypsinized, 
and implanted into C3H mice intraperitoneally. This 
treatment was repeated after two weeks, and animals 
were bled weekly to obtain samples for ELISAs. 

Prior to the experiment, the mice contained no 
detectable antibodies to human growth hormone. Within 
two weeks of administration of the transiently trans- 
fected cells, the anti-hGH titre (by ELISA) averaged 
1600 for the five mice. Fifteen days after the first 
injection, the animals received a second dose of 
transiently transfected cells, and approximately two 
weeks later (i.e., day 27 after the first injection) 
the average titre was 38,000. All five mice produced 
anti-hGH antibodies, and the individual titres ranged 
from 12,800 up to 102,400. Unless the animals . were 
treated with additional cells, the anti-hGH titres 
gradually dropped off, and, by 68 days after the first 
injection, they were found to be approximately 4000. 

Several variations of the above-described protocol 
may be successfully employed. For example, stably 
transfected (instead of transiently transfected) cells 
may be used. The transfected Ltk~ cells have been 
utilized to produce antibodies in mice, guinea pigs, 
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and rabbits. Antibodies have also been produced to 
human growth hormone, the human growth hormone variant, 
insulin, and proinsulin cells, such as AtT-20 cells may 
alternatively be employed. 

EXAMPLE 12 

Use of AtT-20 Cells in Transkaryotic Implantation 

The AtT-20 cell line is a well-characterized 
pituitary tumor cell line that was derived from a 
spontaneous tumor from a LAFl mouse. These cells were 
transfected with pXGHS (a plasmid containing the 
mMT-I/hGH fusion gene) and pKONEO (a plasmid containing 
a gene encoding resistance to the drug G418) . A clonal 
line of stably transfected cells, termed AtT-20 (neo"^) 
F6 was chosen for further analyses. This line expres- 
sed significant amounts of hGH, and, since this cell 
has retained its secretory apparatus, about two-thirds 
of the hGH is secreted and th,e remaining one-third is 
stored in secretory granules. 

Approximately 5 x 10^ cells were injected intra- 
peritoneally into LAFl mice, and these mice were bled 
at approximately weekly intervals after implantation to 
determine serum hGH levels. During the first few days 
after implantation, serum hGH levels were relatively 
low (1-3 ng/ml). Over the course of the next month, 
these levels gradually rose, reaching approximately 10 
ng/ml . 

It is worth noting that the pattern of hGH expres- 
sion using AtT-20 (neo ) F6 cells was quite different 
than that found using the Ltk GH cells (Example 11) . 
This difference can be used to the clinician's 
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advantage: a. Different cell types have different 
properties. The AtT-20 cells, for example, secrete hGH 
in response to cyclic AMP analogues. b. Different cell 
types exhibit different behaviors in the transkaryotic 
animal — i.e., time course, level, longevity of 
expression. 

Similar studies have also been done with AtT-20 
cells that are stably expressing human insulin. A 
clonal line of stably transfected cells containing 
pHINTS (a mouse metallothionein-I/human insulin fusion 
gene) and pKONEO has been prepared. This line is 
called AtT-20 (neo ) 10a and secretes properly processed 
insulin into the medium [in contrast, L cells 
transfected with pHINTS secrete proinsulin] . When 
implanted intraperitoneal ly into nude mice, serum 
glucose levels decrease in much the same way as seen 
with the pHINTS-containing L cells, and serum human 
insulin levels were found to increase. 

EXAMPLE .13 

Production of Region-Specific Polyclonal Antibodies 
Through the Use of Transfected Cell Preparations 

Transfected cells which express the amino terminal 
fragment of a protein molecule are prepared as descri- 
bed previously, and implanted into a recipient subject. 
No immunosuppressive agents are provided to the recipi- 
ent subject. The transfected cell expresses the amino 
terminal fragment of the protein. The presence of this 
fragment in the recipient subject induces the subject's 
non-transfected cells to produce polyclonal antibodies 
capable of specifically binding to the expressed amino 
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terininal protein fragment. These polyclonal antibodies 
are region specific (i.e., capable of binding only to 
epitopes present on the expressed amino terminal 
fragment) . 

A gene fragment which encodes the carboxy terminal 
fragment of the same protein molecule as described 
above is isolated and used to produce a transfected 
cell capable of expressing the carboxy tenninal frag- 
ment of the protein molecule. A preparation is pre- 
pared, using this cell, and implanted into a recipient 
subject. The expression of the carboxy terminal 
fragment by the transfected cell induces the non-trans- 
fected cells of the recipient subject to produce 
polyclonal antibodies capable of specifically binding 
to epitopes present on the carboxy terminal fragment of 
the expressed protein molecule. These polyclonal anti- 
bodies are region specific. 

EXAMPLE 14 

Polyclonal Immunoassays 

The region specific polyclonal antibodies des- 
cribed in Example 12 may be employed in a diverse 
variety of immunoassays. For example, the polyclonal 
antibody capable of recognizing the amino terminal 
fragment of the protein molecule may be bound to a 
solid support. A sample, which possibly contains the 
protein molecule of Example 12 is incubated in the 
presence of the solid support for a time sufficient to 
permit any protein molecule present in the sample to 
bind to the bound polyclonal antibodies. The poly- 
clonal antibodies described in Example 12 which are 
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capable of recognizing the carboxy terminus of the 
protein molecule are detectably labeled and incubated 
in the presence of the solid support and sample. After 
a time sufficient to permit binding of the carboxy 
terminal specific polyclonal antibodies to any protein 
molecule present (either free in the sample or bound to 
the solid support) , the amount of detectably labeled 
polyclonal antibody bound to the solid support is 
measured. The amount of bound carboxy terminal speci- 
fic polyclonal antibody is directly proportional to the 
concentration of protein molecule in the sample. 

As would be obvious to those of ordinary skill in 
the art, the above-described region-specific polyclonal 
antibodies may be used in a wide variety of different 
immunoassays (i.e., homogeneous, heterogeneous, etc.), 
and such use is intended to be included by the present 
invention. In general, any existing monoclonal anti- 
body immunoassay may be adapted to use the polyclonal 
antibodies of the present invention. 

EXAMPLE 15 

Production of Hybridomas Using 
Transkaryotic Implantation 

Transkaryotic cells which express a particular 
gene product are produced and introduced into a recipi- 
ent animal by the methods of any of examples 1-4. The 
presence of the expressed desired gene product in the 
recipient animal stimulates the expression and prolif- 
eration of those antibody-producing cells which produce 
an antibody capable of binding to the expressed desired 
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gene product. The splenocytes of the recipient animal 
are removed and cultured by procedures known in the art 
(see, for example, the method of Gerhard et_al . , Eur. 
J. Immunol. 5:720-725 (1975)). The removed splenocytes 
are then permitted to fuse to myeloma cells according 
to the method of Koprowski et al. . (U.S. Patent No. 
4,172,124) or Kohler et al. (Nature 256 :495-497 
(1975)), in order to produce hybridoma cells which 
produce a monoclonal antibody capable of binding to the 
desired gene product. 

The above-described method of producing hybridoma 
cells has several substantial advantages over methods 
of immunization of animals which require antigen 
molecules. The novel method described above does not 
require the initial purification of the antigen mole- 
cule, thus permitting its use in those situations in 
which such purification is not practical. 

The above-described method may be used to facili- 
tate the screening of resultant hybridoma cells for 
those which produce desired monoclonal antibodies. In 
conventional hybridoma technology, the hybridoma cells 
produced must be screened in order to identify those 
which produce antibody against a desired epitope. Such 
screening may be avoided in the present invention by 
introducing into the recipient animal transkaryotic 
cells which contain only a fragment of the antigen gene 
(and thus, are capable of producing only a fragment of 
the antigen molecule) . By preselecting the gene 
fragment which is to be expressed by the transkaroytic 
cell, it is possible to limit the diversity of the 
hybridoma population. 
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EXAMPLE 16 

Use of Transkarvotic Implantation to 
Identify Immunosuppressive Agents 

If, in a transkaryotic implantation experiment, 
the implanted cells and the host animals are not 
syngeneic, the immunocompetent host will cause the 
rejection of the implanted cells. This rejection can 
be monitored by assaying for a product of the implanted 
cells, preferably hGH. When the transkaryotic animal 
is immunosuppressed, however, this rejection will be 
delayed or prevented, depending on the efficacy of the 
immunosuppressive regimen. In other words, the immuno- 
suppressive regimen can be quantitatively evaluated by 
monitoring the levels and duration of serum hGH expres- 
sion. Using this approach, several immunosuppressive 
agents have been studied, including cyclosporin, 
cyclophosphamide, dexamethasone, rabbit anti-mouse 
thymocyte antiserum, and anti-mouse thymocyte mono- 
clonal antibodies. This technique is a straightfor- 
ward, quantitative alternative to current methods of 
evaluation of immunosuppression. 

While the invention has been described in connec- 
tion with specific embodiments thereof, it will be 
understood that it is capable of further modifications 
and this application is intended to cover any varia- 
tions, uses, or adaptations of the invention following, 
in general, the principles of the invention and includ- 
ing such departures from the present disclosure as come 
within known or customary practice within the art to 
which the invention pertains and as may be applied to 
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the essential features hereinbefore set forth as as 
follows in the scope of the appended cla.-ns. 
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WHAT IS CLAIMED IS : 

1. A method of altering the concentration of a 
desired gene product in a recipient subject which 
comprises providing to said recipient subject a trans- 
fected cell preparation, said preparation containing at 
least one transfected cell which contains a desired 
gene sequence, wherein said cell, when 'provided to said 
subject, will direct the expression of said desired 
gene sequence thereby causing the production of a 
desired gene product. 

2. A method of altering the concentration of a 
desired gene product in a recipient subject which 
comprises providing to said recipient subject a trans- 
fected cell preparation, said preparation containing at 
least one transfected cell which contains an effector 
gene sequence, wherein said cell, when provided to said 
subject, will direct the expression of said effector 
gene sequence thereby causing the production of a 
desired gene product. 

3. The method of any one of claims 1-2 wherein 
said desired or effector gene sequence is operably 
linked to a constitutive promoter region. 

4 . The method of any one of claims 1-2 wherein 
said desired or effector gene sequence is operably 
linked to a regulatable promoter region. 

5. The method of any one of claims 1-2 wherein 
said transfected cell was originally obtained from an 
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animal of the same species as that of the subject 
recipient. 

6. The method of claim 5^ wherein said trans- 
fected cell was originally obtained from said recipient 
subject. 

7. The method of any one of claims 1-2 wherein 
the expression of said desired or effector gene se- 
quence provides to said recipient subject a gene 
product which had not previously been expressed by said 
subject. 

8. The method of claim 7 wherein said expressed 
desired or effector gene sequence is equivalent to a 
native gene of said recipient subject. 

9. The method of any one of claims 1-2 wherein 
the expression of said desired or effector gene se- 
quence in said recipient subject causes an increase in 
the level of expression of a gene which is normally 
expressed by said subject, 

10. The method of claim 9 wherein said expression 
of said desired gene sequence compensates for a defi- 
ciency of gene expression in said recipient subject. 

11. The method of any one of claims 1-2 wherein 
the expression of said desired gene sequence in said 
recipient subject causes a decrease in the level of 
expression of a gene which is normally expressed by 
said subject. 
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12. The method of claim 11 wherein said expres- 
sion of said desired gene sequence compensates for an 
excessive level of gene expression in said subject 
recipient. 

13. The method of any one of claims 1-2 wherein 
said expression of said desired or effector gene 
sequence is physiologically significant. 

14. The method of any one of claims 1-2 wherein 
said transfected cell preparation is provided to said 
recipient subject by means selected from the group 
consisting of: subcapsular implantation, subdermal 
implantation, intraperitoneal implantation, intra- 
cranial implantation, intrahepatic implantation, 
retroperitoneal implantation, intramuscular implanta- 
tion, intrapulmonary implantation, intraocular implan- 
tation, intratesticular implantation, or intrasplanch- 
nic implantation. 

15. The method of claim 14 wherein said trans- 
fected cell preparation is provided to said recipient 
subject by subcapsular implantation. 

16. The method of claim 14 wherein said trans- 
fected cell preparation is provided to said recipient 
subject by subdermal implantation. 

17. The method of any one of claims 1-2 wherein 
said recipient subject suffers from a genetic disease 
and said providing of said transfected cell comprises a 
therapy for said genetic disease. 
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18. The method of any one of claims 1-2 wherein 
said recipient subject suffers from a non-genetic 
disease and said providing of said transfected cell 
comprises a therapy for said non-genetic disease. 

19 . A method for inducing the production of a 
biological compound which comprises providing to a 
recipient subject an effective amount of a transfected 
cell preparation, said preparation containing at least 
one transfected cell which contains a desired gene 
sequence, wherein said cell, when provided to said 
subject, will direct the expression of said desired 
gene sequence thereby causing the production of a 
desired gene product (I) ; the expression of said 
desired gene sequence being sufficient to induce a 
recipient subject to produce said biological compound. 

20. The method of claim 19 wherein said biologi- 
cal molecule is capable of binding to said desired gene 
product. ; 

21. The method of claim 20 wherein said desired 
gene product is an antigen, and said biological com- 
pound is an antibody. 

22. The method of claim 20 wherein said desired 
gene product is a fragment of a complete gene product 
and said biological compound is a region-specific 
antibody with respect to said complete gene product. 

23. A method for determining the concentration of 
a desired gene product (II) in a sample which com- 
prises: 
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(a) incubating said sample in the presence 
of a biological compound capable of binding said 
desired gene product (II) , the production of said 
biological compound being induced by the method of 
claim 19, 

(b) determining the concentration of said 
desired gene product (II) by measuring the amount of 
said biological compound bound to said desired gene 
product (II) . 

24. The method of claim 23 wherein said gene 
product (I) and said gene product (II) are identical 
and wherein said biological compound is an antibody. 

25. The method of claim 23 wherein said gene 
product (I) is a fragment of said gene product (II) and 
wherein said biological compound is a region-specific 
antibody with respect to said gene product (II) . 

26. A method for determining the concentration of 
a desired gene product (II) in a sample which com- 
prises: 

(a) incubating said sample in the presence 
of two different biological compounds capable of 
binding said desired gene product (II) , the production 
of at least one of said biological compounds being 
induced by the method of claim 19, 

(b) determining the concentration of said 
desired gene product (II) by measuring the amount of 
said biological compounds bound to said desired gene 
product. 
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27. The method of claim 26 wherein said gene 
product (I) and said gene product (II) are identical 
and wherein at least one of said biological compounds 
is an antibody. 

28. The method of claim 27 wherein said gene 
product (I) is a fragment of said gene product (II) and 
wherein at least one of said biological compounds is a 
region-specific antibody with respect to said gene 
product (II) . 

29. An antibody produced by the method of claim 

21. 

30. A region-specific antibody produced by the 
method of claim 22. 

31. A method for evaluating an agent suspected of 
having immunosuppressive activity which comprises: 

(a) introducing a ,transfected cell prepara- 
tion which expresses an antigen into a recipient 
subject, 

(b) administering said agent to be evaluated 
to said recipient subject, and 

(c) determining whether the administration 
of said agent affected the ability of the recipient 
subject to produce antibodies capable of binding to 
said antigen. 

32. A method for producing a monoclonal antibody 
which comprises: 

(a) inducing the production of antibody by 
the method of any one of claims 21-22, 



(b) removing a cell from said recipient 
subject, said cell being capable of producing said 

antibody, ^ 

(c) forming a hybridoma between said cell 
(b) and an immortalized myeloma cell, wherein said 
hybridoma cell produces said antibody. 

33. An implant which comprises a transfected 

cell. 

34. The implant of claim 33 wherein said implant 
is a subcapsular implant. 

35. The implant of claim 34 wherein said implant 
is an intraperitoneal implant. 



ABSTRACT OF THE INVENTION 



The present invention provides a method of alter- 
ing the concentration or level of expression of a 
desired gene product in a recipient subject which 
involves administering to a recipient a transkaryotic 
cell capable of expressing a desired gene when the cell 
is present within the subject. The invention further 
pertains to compounds produced by such cells, by 
transkaryotic animals in response to such cells, and to 
the uses of such compounds. 
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Supplementary Update 1986 

Contents 

I. Newly described vectors 

11. Updated descriptions 

III. Comprehensive table of contents 
Updated reference lists 

Updated index tables comprising the new vectors 

The items listed under I constitute completely 
new vectors, the descriptions of which are to be inserted 
at the appropriate places in the main work. Items II 
and III serve as updated replacements for the 
corresponding pages in the main work. 
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Vectors forJE. coli 

General purpo^cloning vectors 



I-A-v-1 



Bacteriophage M13 vectors 

M13mpI8''^ 
M13mpl9" 
M13tgl30"^ 

MI3mplO" 

M13mpir' 

M13mp8''' 

M13mp9"' 

Mnmp?*" 

MI3mpl2'" 

M13HinEcol^'^ 

M13HinEco2'"^ 



Sphl. 
Hindi, Accl.SalU 

S/tkjU 
Sacl\ 

6.0^ 



M13mp18 



Replicon : Ml 3^'* 

Size : 7.2 Icb 

Selectable phenotypc: M13 plaques 
Genetic markers : iacZa * 

Cloning sites : Accl, BamHl, EcoRl, Hindll, Hindlll, Kpnl, 

Pst\, Sad, Sail, Smal, Sphl, Xba\ 
Special host strains : lacV^ strain 



The M13mpl8 and M13mpl9 vectors are derivatives of the single-stranded DNA bacteriophage, M13. that 
are designed to facilitate DNA sequencing by allowing cloning of DNA fragments at a versatile poiylinker 
site and the cloning of the same restriction fragment in both possible orientations. Sequences cloned into 
these vectors can readily be used as templates for sequencing reactions or the production of single-stranded 
probes using a standard oligodeoxyribonucleotide primer (ref. 181) and the Klenow fragment of the £. coli 
DNA polymerase I. 

The vector DNAs contain an 0.77 kb Hindll fragment carrying the £. coli /oc-operon promoter and the 
genetic information for the first 145 amino acids of /3-galactosidase, cloned by blunt-end ligation at a Bsul 
site in the intergenic region between genes II and IV of M13 (ref. 207). The poiylinker sequences containing 
multiple restriction sites are inserted between codons 5 and 6 of the lacZ sequence (ref. 64). Restriction sites 
present in the poiylinker have been eliminated from elsewhere in the vector DNA. The poiylinker retains the 
lacZ reading frame, and the vector gives allelic complementation of a LacZa" host strain, yielding blue 
plaques on plates containing IPTG and X-gal. Recombinant phages containing inserts that destroy the 
reading frame or otherwise interfere with expression of the lacZa peptide arc revealed as colorless plaques. 

The two vectors M13mpl8 and M13mpl9 have the same poiylinker sequence inserted into phage DNA in 
opposing orientations. Thus fragments cloned in one vector can readily be excised, using enzymes giving dif- 
ferent cohesive ends, and introduced into the other vector to allow sequencing of the opposite strand of the 
DNA. 

Vectors M 1 3ig 1 30 and M 1 3tgl 3 1 (ref. 202), M 1 3mp 10 and M 1 3mp 1 1 (ref . 7 1 ), and M 1 3mp8 and M 1 3mp9 
(ref. 141) have properties similar to those of M13mpl8 and M13mpl9; they are similarly related pairs of 
plasmids with a different set of restriction sites. The poiylinker sequence of M13tgl31 has a restriction site 
for Bglll that is not present in M13tgl30, allowing rapid discrimination between these two vectors. The vec- 
tor M13mp7 (ref. 64) can only be used to clone fragments with identical termini, because of the arrangement 
of restriction sites within the poiylinker. Vector M13mpl2 (ref. 181) can be used for cloning fragments with 
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the same or different ends, but there is no related vector that allows inversion of a cloned fragment. 

Note that vectors M13mp7, M13mp8, Ml3mp9, MlBmplO. MlBmpll, M13tgl30 and M13tgl31 all con- 
tain two amber mutations, ami and am2, in M13 genes, so that they require amber-suppressing host strains 
for plaque formation. The later derivatives, M13mpl8, M13mpl9 and M13mpI2, do not carry the amber 
mutations. 

Vector mIC7 (7.2 kb; ref. 288) has properties similar to those of M13mpl8. It contains unique cloning sites 
for Bgin, Cial, EcoRl, EcoKV, Hindlll, Nrul, Sad, Xbal and Xhol in the lacZa region. 

Vectors based on 1V113 can be used in Salmonella lyphtmunum, following introduction of an appropriate 
F' into that host (ref. 208). 

Vectors MI3HinEcol and M13HinEco2 (7.2 kb; ref. 413) have properties similar to those of M13mpl8. 
The vectors are specifically developed to provide alternative positions for cloning and re-excising EcoKl and 
HinAWl fragments. The order of the //mdlll and £coRI sites in M13HinEcol and M13HinEco2 is similar 
to that in pUC19 and pUC18, respectively. Vectors M13HinEcol and M13HinEco2 contain unique cloning 
sites for BamHl, BglU, EcoRl, NindUl and Sail. Otherwise the vectors are similar to M13mpl8. 

The polylinker sequences in the various MI3 vectors are shown below: 



MI3mpl8 Thr.Mei-Ile-Thr-Asn-Ser-Scr-S<:r-Val-Pro-Cly-Ajp-Pro-Uu-Glu-S<r-Thr-Trp-Arg-Hij-Ala-Ser-t.eu- Ala- Leu-Ala 
ATG ACC ATG AH AC Q AAT TCG AGC TC P CTA CC C GGGCATCCT aA G AG TCG ACC TGC AG O CAT CC A AOC TTO OCA aO CCC 
12 3 4 EcoRl Sad Kpnl Wl BamHl Xbal Sail Pst\ Sphl Hindlll 7 8 

Accl 

j Hindu 



M 1 3mp 1 9 Thr - Mm - He . Thr - Pf o - S<r - Leu - His - Ala - Cy$ - Arg - Ser - Thr -Leu • Clu - Asp • Pro - Arg - Val - Pro - Ser • Scr - Asn - S<r - Leu 
ATG ACC ATG AH ACC C CA ACC TTG CAT C CC TCC AGC TCG ACTCTACAC CAT C CC CCC OT A CC G AGCTCC AAT TCA CTG 
12 3 4 Hindlll Sphl Pill Soil Xbal BamHl Smol Kpnl Sael EcoM 7 
Accl 
Hindu 

MI3(gl30 Thr-Met.lle.Thr-Asn.Ser-Arg.Clu-Ser.Ser-Ile-Ser-His-Ala.Val-Pro-Lcu-Glu.GIu-Ala-Trp.Asp.Pro.Cys-Thr-Cys-Ser-Asn.Ser-L 
ATG ACC ATG AH AC C AAT TCC CCG G AG AGC TCG ATA TC G CAT GC G GTA CCT_CTACAA OAAGCTJGG CAT CC G TCG ACC TCC AGC AAT TCA C 
EcoRl Smal Sad EcoRV Sphl Kpnl Xbal Hindlll BamHl Sail Psil 6 

Accl 
Hindu 

M13tgI31 Thr-Met-lle-Thr-Gln-llc-Cys-Arg-Ser-Thr-Asp-Pro-Lys-Leu.Leu-Glu-Val-Pro-His-Ala-lle-Ser-Ser-Ser-Pro-Cly-Ajn-Ser-Leu 
ATG ACC ATG ATTACG C AP ATC T CC AC C TCC ACC CAT CCC AAC CTT CTA G AG GTA CC C CAT CC C ATA TCP ACC TCT CCC GCG AAT TCA 
1 2 3 4 BglllPsll Sail BamHl Hindlll Xbal Kpnl Sphl EcoRV Sael Smal EcoRl 
Accl 
Hindu 

Ml3mplO Thr-Mct-lle-Thr-Asn-Ser-Ser-Ser-Pro-Cly-Asp-Pro-Leu-Glu-Ser-Thr.Cys-Ser-Pro-Ser-Leu-Ala-Leu-Ala 
ATG ACC ATG AH AC Q AAT TCG AGC TCC CCC CCG CAT C CT CTA GA G TCG AC C TCC AG C CC A AGC TTG CCA CTG CCC 
> 2 3 4 EcoRl Sad Smal BamHl Xbal Sail Psd HindlU 7 8 

Acd 

_ . Hindu 



M 1 3mpl I Thr . Met - He -Thr - Pro • Ser - Leu -Gly - Cys • Arg - Ser -Thr -Leu -Glu - Asp • Pro - Arg - Ala - Ser - Scr • Asn - Ser - Leu - Ala 
ATC ACC ATC AH ACC C CA ACC TIC C CC TCC AC C TCC A CT CTA GAG CAT CCC CCC C C G ACC TC G AAT TCA CTG CCC 
1 2 3 4 HindlU PsIl Sail Xbal BamHl Smal Sad EcoRl 7 8 

Acd 
Hindu 



M 1 3mp7 Thr - Mel - lie - Thr - Asn - Ser - Pro - Asp - Pro - Ser -Thr -Cys - Arg • Ser - Thr - Asp • Pro - Gin • Asn - Ser - Leu - Ala 
ATC ACC ATG AH AC C AAT TCC CC G CAT CC G TCC AC C TCC ACC TCG AC C CAT CC C CC C AAT TCA CTG CCC 
1 2 3 4 ffoRl BamHl Soil Pi/1 So/1 BamHl EcoRl 7 8 

Acd Acd 
Hindu Hindu 




M 1 3mp 1 2 Thr - Met - lie - Thr - A$n - Scr - Arg - Val - Leu • Clu - Leu - Clu - Asp - Pro - Ser - Leu - Ala - Leu • Ala 
ATO ACC ATG ATT AC Q AAT TC C CGG GT T CTA GA G aC GAG OAT CCAAGCJTG GCA CTG GCC 
1 2 3 4 EcoRl Sma\ SacI ;ifAoI BamHl «<>idlll 7 S 



M Ump8 Thr - Met - 11c -Thr - Asn -Ser - Arg - Cly - Ser - Val - Asp -Leu - Gin • Pro - Ser • Leu - Ala - Leu • Ala 
ATG ACC ATG ATT AC Q AAT TC C CGG CCA TCC CTC CaC CTC CAG CCAACCTTG GCA CTG GCC 
12 3 4 EcoRl Sma\ BamHl Sail Psl\ HMUl 7 8 

Accl 



MI3mp9 Thf.Mcl-Ile-Thr-Pro-Scr-Leu-Ala-Ala-Cly-Arg-Arg-Ile.Pro-Gly-Ain-Ser-Leu.Ala 
ATG ACC ATG ATT ACC CCAACCTTG C CT GCA C OT CCA C CCATCC CC CCCAATTCA CTC CCC 
12 3 4 Hinim Psil Sail BamHl Smal EcoRl 7 8 

Accl 
Hindu 

M 1 3HinEco I Thr - Met - lie - Thr -Ser - Asp - Leu - Ser - Leu • Ser - Thr • Asn - Ser • Asp - Pro • Asn - Ser • Leu 
ATG ACC ATG AH ACC TCACAT_CTA ACC H C TCC ACQ AAT TC P GAT CC A AAT TCA QG 
1 2 3 4 flg/II Hindill Soil EcoRl BamHl 7 



M 1 3HinEco2 Thr • Met - lie -Thr • Asn - Leu - Val - Pro • Asn - Ser -Ser • Thr - Ser - Leu - Asp - Leu • Ser - Leu - Ala - Leu 
- ATG ACC ATG ATT ACC AAT TT G GTA CC C AAT TCGTCGACA AGO TT A GAT CJ O ACC TXC GCA CTG 
1 2 3 4 BamHl £coRI Sail Hindill Bglll 7 



